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376.. ON THE FOSSIL BEECH LEAVES FROM THE NINGYO-TOGE 
AREA, IN CHUGOKU DISTRICT, JAPAN* 


TOSHIMASA TANAI 


Department of Geology and Mineralogy, Hokkaid6é University 


HB HAT ABR BED THE ABICOVWC: MIU BRIE BEO ATHIEMDRICIL, bie DA 
TSI F VHRR SNUTCE< DIEEALBEOCW IS, COMIC HKET SD B= RP DITO 
HD CLV AI LERS EFS SAM, = LIC TF O(LARIDEMH LEA ARO 9 509% & LB, 
© DICE DEE D MRI BLED AIBC SIT ST THROMB TOS, CHEOT HER 
HEOKBD (S40(K) VL, BUSARZEAMILAITIEO Pw LMA: bE Le Fagus palaeocrenata 
CAESNS, HALON SOSZROTFIEREOP TC, HARARE TED LV 125ff ov T# 
TAHA > MWIRB 7s EA WEL, BAD TF ORC OV COMER 7c SH MMe EL we + RAL 


C, GD F. palaeocrenata -BZMOWATF LOMBM MoM CMU. 
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Tertiary sediments distributed in 
the Ningy6é-t6gé area on the border 
between Tottori and Okayama Prefec- 
tures, are now recognized to contain 
one of the promising minable uranium- 
bearing ores in Japan. These sediments 
cover the pre-Tertiary sediments and 
granitic rocks with an unconformity, 
of which latter the so-called “ Chigoku 
peneplain” is made up. Tertiary sedi- 
ments seem to be of terrestrial origin; 
they are divided into four formations— 
namely, the Mitoku, Onbara, Ningy6- 
t6gé and Takashimizu formations in 
ascending order. Except for the last, 
these formations contained a good quan- 
tity of plant fossils. In this fossil flora, 
named the “H6ki flora”, fossil ~beech 
leaves are abundantly contained; they 
occupy about 50 per cent of the total 
689 specimens of the flora. Nearly all 
of these beech leaves are fairly identi- 
cal to Fagus palaeocrenata Oxutsu, which 
was recently described from Late Mio- 


* Received Feb. 4, 1959; read Feb. 14, 1959. 
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cene flora near Sendai, Japan. In this 
paper the writer reports his investiga- 
tion of the variation of some leaf charac- 
ters in these fossil materials, and also 
presents a consideration of the morpho- 
logical resemblance between this fossil 
species and its related living species. 

The Hoki flora consists of three 
florules; the Mitoku, Onbara and Nin- 
gy6-tégé florules. The relative abun- 
dance of Fagus palaeocrenata in these 
florules, as estimated from respective 
total determinable specimens, is shown 
as follows: 


Table 1. Relative abundance of Fagus 
palaeocrenata in the H6ki flora. 


| Specimens ‘Percentage Total speci- 
Florule of F. palaeo- for thetotal| mens of 
__ crenata specimens ‘each florule 
Mitoku | 51 25.0% | 204 
Onbara | 1 46. 4 252 
Ningy6o 
Sore 172 71.0 242 
Total 340 698 
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The floral composition and physical 
condition of these florules are discussed 
in detail in another paper (Tana1 and 
Onoe, 1960. in press). Concerning the 
geologic ages of them, the Mitoku florule 
is Late. Miocene, the Onbara is Mio- 
Pliocene, and the Ningy6é-t6gé is Early 
Pliocene in age respectively. It will be 
noted that the beech leaves in those 
florules gradually increased with the 
passage of the geologic ages. These 
three florules seem to have been similar 
in composition to the beech forest, and 
especially the floristic association of 
the Ningy6é-tégé florule was very close 
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to that of the present pure stand of the 
beech forest in northern Japan. 

Fagus palaeocrenata is very close to 
the living F. crenata Buume in shape, 
size and secondary nerve number, but 
it is different from the latter in having 
usually slender teeth on the leaf margin. 
Among the living beeches in the world, 
the principal species having serrate 
margined leaves are as follows: Fagus 
americana Sweet in North America, F. 
Hayatae Pavis. in Formosa, F. longipetio- 
lata Seemen in China and F. sylvatica 
Linne in Europe. The two living spe- 
cies of Japanese beech, F. crenata Br. and 
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Showing the variation-extension of foliar dimensions in 


the leaves of fossil and living beeches. 


1-A. Beech leaves in the H6ki and Mogi floras. 
1-B. Living beech-leaves of Fagus crenata collected from 
the various areas of Japan. 
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, japonica Maxim., mostly have undulate 
‘margined leaves on the young shoots. 
A large number of the fossil beech 
leaves of the HOki flora are very vari- 
able in size and shape. Among 340 
‘specimens of that flora the foliar dimen- 
sions of 125 comparatively well-pre- 
‘served leaves are shown in Fig. 1-A. 
Between the beech of the Mitoku and 
Onbara, the variation-extensions of foli- 
-ar dimensions are scarcely different, but 
that of Ningyé-t6gé is more or less 
-different from the above two. Namely, 
‘the average leaf index* of the Ningyé- 
tégé beeches is slightly smaller than 
_-the indices of the two older florules. 
The leaves of the living Fagus crenata 
care also widely variable in size and 
shape; the foliar dimensions of recent 
leaves collected from various areas of 
_Japan,** are shown in Fig. 1-B. The 
variation-extension of the foliar dimen- 
-Sions of the living specimens includes 
‘that of the Ningy6-t6gé specimens, but 
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Fig. 2. 


in general the average leaf index of 
the former is slightly smaller than that 
of the latter: Accordingly, the leaf 
index of the beech may be said to show 
a tendency to become gradually smaller 
with the passage of the ages. However, 
the variation of the foliar dimensions 
among these fossil and recent leaves is 
too gradual to enable one to distinguish 
them distinctly from each other. 

On the other hand, the secondary 
nerves of the living beech leaves are 
variable in number, but the variation 
of secondary numbers shows some con- 
stant extension respectively in each 


* leaf index=length/width x100. 

** In the measurement of the foliar di- 
mensions, use was made mainly of the leaves 
stored in the Herbarium of Faculty of Agri- 
culture, Hokkaid6é University; also leaves 
collected by the writer were partly used. 
These living leaves were collected from 
about 20 localities in southwestern Hokkai- 
dé and Honsht. 


F. americana 
SSS F. sylvatica 
- F. japonica 
F. crenata 


oe F. palaeo- 
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Showing the frequency of the specimens having same number of 


secondary nerves in several fossil and living beech species. 
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living species of the world. The re- 
spective variations of secondary num- 
bers in several living species of the 
world are shown in Table 2. The writer 
enumerates the numbers of specimens 
having the same secondary number in 
the living Japanese species and the Hoki 
species of beech. The frequency of the 
leaves having each secondary number 
respectively in several living and fossil 
specimens* is shown in Fig. 2. All 
peaks of respective species in the fre- 
quency lines do not coincide with each 
other. Most specimens of F. palaeocrenata 
which occurred from the Ningyé-tégé 
area, bear 9 to 12 pairs of secondary 
nerves, while most leaves of the living 
F. crenata bear 6 to 12 pairs of second- 
aries. 


Table 2. Variations in number of 
secondary nerves in leaves of several 
living beech of the world. 


| Numbers of secondary 
| 


iving ecies 
Living specie nerves 


F. crenata 


6—12 
F.. japonica (—18 
F. americana | 8—21 
F. sylvatica | 5—21 
F. longipetiolata | i 
F. Engleriana | Iliff 


I. Hayatae 6—10 


From the view point of number of 
secondary nerves, F. palaeocrenata is a 
transitional form between the two Japa- 
nese living species, F. crenata and F. 
japonica. Most of the fossil leaves which 
have been hitherto described as F. fer- 
ruginea Aiton in the Japanese Tertiary 


* The frequency percentages of F. ja- 
ponica, F. americana and F. sylvatica, are enu- 
merated by the writer from 500 specimens 
which were studied by S. ENpDo (in OxuTsu, 
5). 
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flora, should be included into this species 
on account of their general characters, 
especially on account of having margin- 
al serration of leaves. F. ferruginea is 
now considered synonymous to /. ame- 
ricana. F. palaeocrenata and F. americana 
are actually very different in variation- 
extensions of secondary numbers, and 
so the fossil leaves called F. ferruginea 
in North America are quite different 
from those of F. palaeocrenata in spite 
of having marginal serration. The liv- 
ing leaves of F. longipetiolata now grow- 
ing in Central China are serrate in 
margin, and most of them are 9 to 12 
pairs in number of secondary nerves. 
Accordingly, from the view points of 
secondary number and marginal charac- 
ter, F. palaeocrenata is considered to be 
most close to F. longipetiolata SrEEMEN 
among the living beeches of the world, 
though the former is shorter than the 
latter in respect to length of petiole. 
Thus, the fossil beech leaves being now 
discussed are not rather close to the 
living F. crenata in morphological fea- 
tures, and so the specific name “ palaeo- 
crenata” seems to be not so fitting for 
them. 

Beside the above-noted materials, 
there are found a few  beech-leaves 
which cannot be identified to /. palaeo- 
crenata. They are more in number of 
secondary nerves than F. palaeocrenata, 
and usually undulate in margin. Fur- 
thermore, they are narrower in width 
than the latter. Thus, they should be 
treated as another species of beech 
(Tanart et Onor, 1960). As shown in 
Figs 1-A, the leaf index of this Species 
is usually larger than that of F. palaeo- 
crenata. 

The writer wishes to acknowledge his 
indebtedness to Mr. T. Onoe of the Geo- 
logical Survey of Japan for his assis- 
tance in this study. Acknowledgement 
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is also due to Miss A. Yamapa for her 
kind assistance in the preparation of 
figures. The Herbarium of Faculty of 
Agriculture of Hokkaidé University, is 
also remembered with grateful appreci- 
ation. 


Description of Species 


Fagus palaeocrenata Oxutsu 
Plate 23, figures 2-7, 9-11 


1883. Fagus ferruginea, NATHORST, Kel. 
Svensk. Vet. Akad. Handl., Bd. 20, no. 
Boies Ueno. aly ness Allee yet, watese 
Sapo pnlule-eyo lem Oneti Ordk. 

1920. Fagus ferruginea, FLORIN, Kgl. Svensk. 
Vet. Akad. Handl., Bd. 61, p. 18, 36, pl. 
il haere Gay, Ia ze 

1931. Fagus ferruginea, KON’NO, Geology of 
Central Shinano (edit. by HonMaA), pl. 
IQS Mike. oe 

1941. Fagus ferruginea, Miki, Japan. Jour. 
Bot., vol. 11, p. 257, fig. 7-a,-b. 

1954. cfr. Fagus crenata, HuzioKa et SUZU- 
KI, Trans. Proc. Palaeont. Soc. Japan, 

_ N.S.,-no. 14, p. 137, pl. 16, figs- 1-4. 

1954. Fagus ferruginea, TAKAHASHI, Mem. 
Fac. Sci., Kyiishi Univ., Ser. D, vol. 5, 
Os Ul Bs BOs Oils, Dy sulkee a 

1954. Fagus crenata, TAKAHASHI, Do., p. 56, 
Pl. 3, figs. 7-12; Pl. 4, figs. 1=8. 

1955. Fagus palaeocrenata, OKUTSU, Sct. Rep., 
Tohoku Univ., 2nd. ser., vol. 26, p. 92, 
pl. 6, figs. 4-9 

1957. Fagus palaeocrenata, MuRAI, Rep. Tech., 
Iwate Univ., no. 10, p. 44, pl. 1, fig. 4; 
DIAZ ties. 1-6: 

1960. Fagus palaeocrenata, TANAI “et ONOE, 
Rep. Geol. Surv. Japan (in press), pl. 6, 
figs 320° Din Gu ties. l-7; pl. 9, igs. 
1-6. ’ 


Description :—Leaves variable in size 
and shape, elliptical or ovate in outline, 
3.3 to 10.8cm. long and 1.9 to 5.8cm. 

wide ;base slightly asymmetrical, round- 
ed or broadly obtuse or frequently cunea 
te; apex bluntly pointed, acute, or some- 


times slightly acuminate; midrib pro- 
minent and stout near the base, then 
slender distantly, somewhat zigzag at 
the upper portion of blade; secondary 
nerves 6 to 12 pairs in number, opposite 
to subalternate, diverging from the 
midrib at the angles of 35 to 40 degrees 
in middle portion, almost straight and 
subparallel, slightly curving up near 
the margin, entering into the marginal 
teeth, craspedodrome; tertiaries thin, 
percurrent; nervilles thin, indistinct, 
forming polygonal meshes; margin simp- 
ly serrate with slender and short teeth; 
petiole short, 5 to 10mm. in length; 
texture firm, membraneous. 

Cupula 4 lobed, villous; lobes with 
obtuse apex, 1.2 cm. in length and 0.6cm. 
in width; peduncle stout, 15cm. long 
and 1.0mm. thick. Bud-scales small in 
size, boat-like in shape, 0.6 to 1.0mm. 
long and 0.3 to 0.4cm. wide; base trun- 
cate, and apex acutely pointed; nerves 
fine, nearly straight, parallel to the 
margin. 

Remarks :—The present materials are 
quite identical in their general leaf 
characters to this species established by 
H. Oxursu (1955), especially in number 
of secondary nerves and marginal ser- 
ration. Most of the fossil leaves which 
have been previously described as F. 
ferruginea Airon in Japanese Tertiary 
flora, are included into this species in 
their general characters. The average 
leaf index of the present materials is 
smaller than that of Oxursu’s original 
materials. The fossil leaves figured F. 
ferruginea from the Mogi plant beds by 
Natuorst (1883) are probably included 
into this species, and the leaf index of 
them is slightly larger than the present 
materials. The leaf index of original 
figures is almost similar to those of 
Mogi (Naruorst, 1883), Gosho (Mural, 
1957) and Inzyo (Mix1, 1941) materials, 
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though their figured materials are less 
in number of specimens than the writ- 
er’s materials. 

Recently from the Miocene flora of 
Korea Huzioxa (1951) described follow- 
ing three species of fossil beech being 
similar to this species; F. Uotanii, F. 
koraica and F. protolongipetiolata. Among 
them the present species is most close 
to F. koraica in the general characters. 
Other two species are also close to this 
species in their general features, but 
they are different from the latter in 
the length of petiole. The writer’s 
materials are 5 to 10mm. long in the 
petiole, and most of them are 7mm. 
The petiole of F. protolongipetiolata is 
11 mm., and that of F. Uotanii 2 to 3mm. 
in length. However, in their general 
features those three Korean species of 
beech described by Huzioxa, are better 
to be included into the present species. 

The present species, F. palaeocrenata, 
is one of the most common fossils in 
the Late Miocene and Pliocene sediments 
of Japan. In Late Miocene flora of 
Japan, this species occurs in association 
with many cool-temperate elements, 
such as Pinus palaeopentaphylla Tanat et 
Onoe, Thuja nipponica Tanar et Onor, 
Populus aizuana Huzioxa et Suzux1, Alnus 
protohirsuta Enpo, Betula protoermanii 
Enpo, Carpinus nipponica Expo, Quercus 
protodentata Tanai et Onor, Celtis Nor- 
denskioldii Naruorst, Ulmus protojaponica 
Tanai et Onog, U. protolaciniata Tanai 
et Onor, Acer palaeodiabolicum Envo, A. 
Ssubpictum Saporta, Styrax protoobassia 
Tanai et Onog, etc. 

The related living species, Fagus cre- 
nata Bu., which is one of the most sen- 
sitive trees for the vertical distribu- 
tion, is now distributed from south- 
western Hokkaid6 to Kytishf in Japan. 
It grows now most luxuriantly at the 
altitude of 1000 to 1700 meters above 


sea level in the mountains of central 
Japan, while it grows at the ground 
level in southern Hokkaid6, and often 
there forms pure forestsjon the uplands. 
or mountain slopes. 

Occurrence :—Ningy6-tégé, Onbara and 
Mitoku formations. 


Fagus palaeojaponica TANai et ONOE 


Plate 23, figures 1, 8 


1883. Fagus sieboldi, NATHORST, Op. cit., p-- 
84.apls Lotiox 6; 

1888. Fagus japonica, NATHORST, Palaeont.. 
Abhanal., vol. 4, p. 227, pl. 9, figs. 3-8.- 

1939. Fagus japonica, ENDO, Jubl. Publ., Com- 
mem. Prof. Yabe, vol. 1, p. 344, pl. 23,. 
fig. 8. 

1958. Fagus japonica, Murai, Rep. Tech., Iwa-- 
te Univ., no. 11, p. 20, pl. 2, figs. 1-3. 

1960. Fugus palaeojaponica, TANAI et ONOE,. 
Rep. Geol. Surv. Japan (in press), pl. 7,. 
figs. 3-5. 


Description:—Leaves rather large in 
size, somewhat asymmetrical and ellipti- 
cal or oblong-ovate in shape, 9 to 11cm. 
long (estimated) and 3.3 to 4.5cm. wide;, 
base asymmetrically obtuse or rounded, 
and rarely cuneate; apex acute or some- 
what acuminately pointed; midrib pro- 
minent, stout near the base, then slender 
distantly, somewhat zigzag at the upper’ 
portion of blade; secondary nerves stout, 
13 to 16 pairs, alternate to subopposite,,. 
diverging from the midrib at the an- 
gles of 40 to 45 degrees, almost straight 
and subparallel, curving upwards near’ 
the margin, camptodrome; tertiaries. 
thin, percurrent; nervilles thin form- 
ing polygonal meshes; margin almost 
entire at the lower half and undulate 
at the upper half; petiole missing or 
broken, over 7mm. long; texture, mem- 
braneous. 

Remarks :—Though the present mate- 
rials are somewhat fragmental, they are 
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distinctly different from the above-des- 
cribed species, Fagus palaeocrenata, in 
the secondary nervation and marginal 
character. Namely, the latter species 
is usually less in number of secondaries 
than the former and has a serrate mar- 
gin. F. palaeocrenata is rarely undulate 
in margin, but it is not usually over 
13 in number of secondaries. Compar- 
ing to the abundant occurrence of F. 
palaeocrenata in the Hoki flora, the pre- 
sent materials are very rare, and so 
they may be only varieties or some 
malformed leaves of the former species. 
However, the present materials are gen- 
erally narrower in width than the leaves 
of F. palaeocrenata, namely the leaf-index 
of the former is usually larger than 
that of the latter. Thus, the foliar 
characters between the both materials 
are so distinctly different that the pre- 
sent materials are now treated as a 
new species. 

The related living species to this fos- 
sil species is Fagus japonica Maxim., 
which grows only in the mountains of 
Honshf, KyfishG and Shikoku, Japan. 
The luxuriant growth of the living 
species is found rather in a lower alti- 
tude than F. crenata Biume_. 

Occurrence :—Ningy6-t6gé, and Onbara 
formations. 
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Explanation of Plate 23 
(All natural size unless otherwise stated) 


Fig. 1. Fagus palaeojaponica TANal et ONoE, Onbara formation. 

Figs. 2-4. Fagus palaeocrenata OxuTsu, Ningy6-t6gé formation. 

Figs. 5-7. Fagus palaeocrenata Oxutsu, Onbara formation. 

Fig. 8. Fagus palaeojaponica TANAI et ONOE, Ningy6-t6gé formation. 

Fig. 9. Fagus palaeocrenata Oxutsu, Mitoku formation. 

Fig. 10. Cupula of F. palaeocrenata OkutTsu, Onbara formation. 

Fig. 11. Budscale of F. paleocrenata Oxursu, x1. 5, Ningy6-t6gé formation. 


These specimens are stored in the Geological Survey of Japan. 
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Fossil Beech Leaves from Ningo-Tégé 


Plate 23 


Trans. Proc. Palaeont. Soc. Japan, N.S., No. 37, pp. 201-208. pl. 24, April 1, 1960 
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Introduction and Acknowledgements 


The molluscan fossils upon which 
this paper is based from the collection 
of Professor Gunjiro SaKxar and the 
students of the Department of Geology, 
Faculty of Education, Hirosaki Univer- 
sity, from the Tanosawa formation 
developed in the area bordering Mt. 
Iwaki, northwest of Hirosaki City, dur- 
ing field work in August 1957. 

Although a report on the geology of 
the said area has been presented by 
Professor Saxai and the writer on the 
occasion of the meeting of the Tohoku 
Branch of the Geological Society of 
Japan held in Akita City in 1957, no 
mention has yet been made of the mol- 
luscan fauna occurring therefrom be- 
cause specific discrimination had not 
been completed then. Therefore, taking 
this opportunity the writer treats the 
molluscan fossils from the Tanosawa 
formation of the mentioned area betause 
they have an important bearing on the 
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geological age and correlation of it 
with other areas in Japan. 

Here the writer thanks Professor 
Gunjiro Saxai of the Hirosaki Univer- 
sity and Professor Kotora Harar of the 
Tohoku University, for their encoura- 
gement and kind advice throughout 
the course of the present work. Thanks 
are also due to Mr. Koichiro Masupa 
of the Tohoku University for his sup- 
port in many ways. 


Remarks on the Stratigraphy 


Although the stratigraphy and _ pale- 
ontology of the Tertiary strata develop- 
ed in Nishi-Tsugaru-gun, Aomori Pre- 
fecture, have been studied. by several 
authors, there is no work concerning 
the area from which the present Vicar- 
ya fauna was found. With regard to 
the present area only the works of 
Sakari (1957) and Imanisui (1948) should 
be mentioned. 

The stratigraphy of the area border- 
ing Mt. Iwaki was summarized by 
Sakai (1957), in descending order, as 
follows: 
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Narusawa formation: gray siltstone, tuffaceous fine- to coarse-grained 
sandstone interbedding pumiceous sandstone layers and lenticular 


pumiceous tuff and agglomerate. 


and sponge-spicules. 


Molluscs, foraminifers, diatoms 


conformity : 
Maido formation: dark gray massive siltstone, diatomaceous sandy 
mudstone, interbedding pumiceous tuff and marl concretions. Diatoms 


and Makiyama. 


aoe conformity 
Akaishi formation: alternation of black siltstone and shale interca- 
lating pumiceous tuff. Makiyama and some molluscs. 
; conformity : e 
Odoji formation: black to gray hard shale and black siliceous shale 


with glauconite sandstone. 


- conformity and unconformity 
Tanosawa formation: green tuff, green tuff breccia, gray tuffaceous 
sandstone, sandstone and conglomerate. Molluscs, foraminifers, etc. 
2 ae TDNAUCOPAN OV AITUUENS <n xctpcessas rece 
Basement: Pre-Tertiary rocks (including Paleozoic sedimentaries). 


The Tanosawa formation from where 
the Vicarya fauna was collected is 
varied in lithology and its geological 
structure is complex in the vicinity of 
the fossil locality. For this reason the 
exact stratigraphic position of the 
Vicarya fauna within the Tanosawa 
could not be determined. Since strati- 
graphical studies are being continued, 
it is thought that its horizon will be 
clarified. 


Locality and Mode cf Occurrence 
of the Molluscs 


The molluscan fossils were collected 
from the bed of the left side of the 
Nakamura River at about 300 meters 
north of the Takibuchi dam, Ajigasawa- 
machi, Nishi-Tsugaru-gun, Aomori 
Prefecture. They were found embed- 
ded in’ a greenish gray tuffaceous 
sandstone associated with minor am- 
ounts of carbonaceous matter. The 
molluscan fossils occur as a scattered, 
sporadic fossil-coenose. However, in 
places they occur as a crowded assem- 


blage comprising many individuals but 
few species in the form of patches. 
None of the specimens preserve their 
entire outer shells and occur as casts 
and molds, which still retain their 
sculpture. 

The species discriminated from the 
collection are given in Table 1 together 
with their frequency and distribution. 


Remarks on the Molluscan Fauna 


The present record of the Vicarya- 
Anadara fauna is the northernmost 
locality known in the Japanese Islands 
and it is thought that the distribution 
may be extended by future studies. 
The assemblage is evidence for con- 
sidering that the ecological conditions 
prevailing in the area where the fos- 
sils were entombed may have been 
similar to other localities from where 
the fauna has hitherto been reported. 
From this evidence it is inferred that 
the geological age and stratigraphic 
position of the Tanosawa formation 
corresponds to those of other areas 
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Table 1. List of determined species and their distribution 
in the Neogene deposits of Japan 


es Locality 
Genus and species i 2 


De Th 1D) TV Vp VEE VILL) oe) eX 


Anadara kakehataensis H. & N. VA ie | + | ae 
Anadara kurosedaniensis H. & N. . R | + | +} 
Anadara abdita MAKIYAMA hip ey eet SE | | 
Anadara daitokudoensis MAKIYAMA | eects Wickes to alae et | 


Anadara amicula (YOKOYAMA) Hen bi | ee 


Anadara ninohensis (OTUKA) 
Anadara aff. trilineata (CONRAD) 


ee 


Anadara sp. 

Pitar itot (MAKIYAMA) 
Pitar yabet OTUKA 
Pitar sp. A 

Pitar sp. B 

Vicarya cf. callosa japonica YABE & HATAI 


| | | 
| | | | 


to + 54+ tit +) +)4 4 


eS DQ a @ F 


VA: very abundant (10+), A: abundant (5+), C: common (3+), F: few (2), R: rare (1). 

I: Tanosawa formation, Nishi-Tsugaru-gun, Aomori Prefecture (T. Iwal, 1959). 

If: Heiroku formation, Meisen-gun, North Korea (J. MaKkiyAma, 1926). 

III: Kanchindo formation, ibid. 

IV: Mankodo formation, ibid. 

V: Kukinaga formation, Tana-gaura, Ryukyu Islands (S. Hanzawa, 1935). 

VI: Uetsuki formation, Katsuda-gun, Okayama Prefecture (J. MAKIyAMa, 1932). 

VII: Susahara formation, Kakehata, Toyama Prefecture (K. Hatar & S. NislyaMa, 
1949), 

VIII: Higashi-Innai formation, Machino-machi, Noto Peninsula (K. Masupa, 1955). 

IX: Shiratori formation, Ninohe-gun, Iwate Prefecture (K. Hara, MS). 

X: Orito formation, Sado Island (K. Masupa, MS) 


indicates that 
oceanic 
farther 


yielding the Vicarya-Anadara fauna. Indo-Pacific elements, 
It is generally recognized that the the tropical to subtropical 
Vicarya-Anadara fauna represents shal- currents must have flowed 


low water and frequently the former 
genus is found in brackish water de- 
posits. The thermal conditions under 
which Vicarya flourished, so far as can 
be determined from its associated fos- 
sils and from that it is a typical Indo- 
Pacific genus, was one of tropical to 
subtropical nature. Therefore, the 
occurrence of the genus in areas as 
far north as about 40 degrees north 
latitude, which is remote from the 
geographical distribution of Recent 


north than at present or that the then 
existing thermal conditions were more 
uniform throughout the western 
Northern Pacific. 

Upholding the warm water view of 
the Vicarya-Anadara fauna is the oc- 
currence of the Miogypsina-Operculina 
foraminiferan fauna of extensive dis- 
tribution in the Japanese Islands and 
also recorded from the Tanosawa for- 
mation. Further, the varied pectinid 
fauna and abundant warm _ water 
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pelecypod fauna from the Tanosawa 
formation are all in agreement with 
the warm water conditions indicated 
by the Vicarya-Anadarva fauna just 
mentioned. Although the aforemention- 
ed kinds of fossils occur from the 
Tanosawa formation, the exact strati- 
graphic positions of them within the 
formation is not certain owing to the 
complicate structure as already stated. 

All of the species discriminated from 
the present collection comprise those 
which have rather extensive geogra- 
phical distribution yet more or less 
short geological range. All have been 
recorded from early Miocene deposits 
of the Japanese Islands where they ex- 
tend from the southern to northern 
parts. None have been recorded from 
deposits considered to be of late 
Miocene, thus it is inferred that all 
may have become extinct before the 
close of the early Miocene in the 
Japanese Islands. From such relations 
it may be understood that age deter- 
mination and correlation of the geo- 
graphically isolated formations based 
on those fossils becomes trustworthy. 

All of the species treated in this 
article are now preserved in the collec- 
tion of the Department of Geology, 
Faculty of Education, Hirosaki Univer- 
sity, Aomori Prefecture. Since all of 
the treated species are from the same 
locality already mentioned in earlier 
pages, they will not be repeated under 
each species. 


Systematic Descriptions 
Family Arcidae 
Genus Anadara Gray, 1847 


Anadara (Anadara) kakehataensis 
Harari and Nisiyvama, 1949 


Plate 24, Figures 3a, 3b, 4. 


1949. Anadara (Anadara) kakehataensis Ha- 
TAI and NisiyAMA, Jour. Paleont., vol. 
23, no. I, pp. 88-89, pl. 23, figs. 8-10. 

1955. Anadara (Anadara) kakehataensis, Ma- 
SUDA, Trans. Proc. Palaeont. Soc. Japan, 
NES: 0. 20, Dp. iZa, igs. Za—pe 


Shell heavy, moderate in size, trigonal- 
quadrate in outline, posterior side 
straight, ventral margin abruptly 
rounded at extremities, umbonal region 
swollen, beak rather strongly incurved 
anteriorly, area broad, arcuately trigonal 
in profile, numerous small chevron 
teeth. Sculpture of 20-25 narrowly 
weakly granular, nearly equal ribs with 
interspaces of similar width. 


Valve.| Length | Height | nae 
Right | 44.1mm | 30.6mm | 18.2mm 
Right 41.5 31.7 19.6 
Left 36.5 34. 0 16. 8 

oO 


Left Sis E10) 28.4 fri kB 


Although abundant specimens of this 
species are in the collection, none re- 
tain their original shell-material and 
occur as casts and molds. However, 
the specific characters are preserved. 


Anadara (Anadara) kurosedaniensis 
Harari and Nistyama, 1949 


Plate 24, Figures 5a, 5b. 


1949. Anadara (Anadara)  kurosedaniensis 
HaTal and NistyamMa,. Jour. Paleont., 
VOI ee Sse NOs, Ls | Die89y Diy Comm See lle 
12s 

1955. Anadara (Anadara)  kurosedaniensis, 
Masupba, Trans. Proc. Palaeont. Soc. 
Japan, N.S., no. 20, p. 123, fig. 3. 


Shell small, quadrate in outline, 
posterior side straighter than anterior, 
ventral margin broadly rounded. Um- 
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bonal region flatly swollen, beaks 
rather sharply incurved and directed 
anteriorly, area rather narrow. Radial 
and granular sculpture on anterior 
half, posterior part rather swollen and 
ribs smooth. Length 22.6mm, height 
21.9mm,.and depth 6.2 mm. 

This species is represented by a 
single specimen of a _ right valve. 
Although its preservation is not good, 
it seems to be identical with the named 
species. 


Anadara (Anadara) sp. indet. 


Plate 24, Figures 6a, 6b. 


Shell moderate in size, oblique trigo- 
nal in outline, posterior side straight, 
beak rather high but not swollen, 
incurved anteriorly, area broad, arcuate- 
ly trigonal in profile, surface with 
radial riblets and crossed with con- 
centric growth lines, ribs about 20 in 
number and nearly equal to interspaces 
in breadth. Length 41.2mm, height 
39.4mm, and depth 14.6 mm. 

The single left valve in the collec- 
tion resembles Anadara kakehataensis 
Hara and Nisiyama in general features, 
but is more elongated and the posteri- 
or margin is longer. There are no 
known species with which the present 
one can be identified. 

In Table 1 are enumerated such 
Anadara species as, abdita Maxktiyama, 
daitokudoensis Maxiyama, amicula tYoxKo- 
yAMA), ninohensis(OruKa) and aff. trilinea- 
ta (Conrap). These arcids have been 
reported to occur in association with 
Vicarya, and therefore the name. of 
Anadara-Vicarya fauna is proposed. 
These species are all extinct in the 
present seas of Japan and have exten- 
sive distribution in the early Miocene 
deposits of Japan. 


Each of the arcids mentioned in 
Table 1 show a gradual decrease in the 
number of their radial ribs with the 
increase in latitude, should southern or 
southwestern Japan be taken as the 
starting point. Should abundant speci- 
mens of them accumulate from various 
localities distributed within south- 
western to- northern Japan, it is 
thought that the relation existing be- 
tween latitude and specific variation 
be known and from it more details as 
to the relation between migration and 
migratory-forms be established. How- 
ever, the time is still premature for 
stating further on the problem, even 
though it is thought that the mention- 
ed relationships are important in in- 
terpreting the early Miocene molluscan 
fauna of Japan. 


Family Veneridae 
Genus Pitar Romer, 1857 
Pitar itoi (Maxiyama), 1926 

Plate 24, Figure 7. 


1926. Pitaria itoti MAKIYAMA, Mem. Coll. Sct., 
Kyoto Imp. Univ., Ser. B, vol. 2, no. 8, 
eae, Ox joe, UI, Voll, UB ae We 

1936. Pitar itot MAKIYAMA, ibid., vol. 11, 
UOmAas Cbs 5, p. 214, plas, mss, Ll 2: 

1937. Pitar itoi Nomura and Hartal, Saito 
Ho-on Kai Mus., Res. Bull., no. 13, p. 
135, pl, 18) fig. 4. 


Shell moderate in size, elongate ovate 
in outline, well convex. Beak high, 
pointed, turned inwards and forwards, 
umbonal part swollen. Anterior and 
posterior sides rounded, postero-dorsal 
margin about twice as long as anterior, 
gradually declining. Sculpture of close, 
fairly sharp incremental growth lines. 
Lunule ovate-cordate, not deeply im- 
pressed. Hinge rather short, arcuate 
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behind beak, teeth ill-defined. Height 
30.5 mm, length 38.5 mm, depth 13.2mm. 

The single left valve refered to this 
well known early Miocene species 
agrees with the original*figures given 
by Maxryama on specimens from the 
Miocene of North Korea. This species 
is extensively distributed in the early 
Miocene formations of Japan. 


Pitar yabei Oruxa, 1934 
Plate 24, Figure 8. 


1934. Pitar yabeti OTUKA, Bull. Earthg. . Res. 
Inst., Tokyo Imp. Univ., vol. 12, pt. 3, 
fs (OG Tole Ais sakes, Zh Eyl 


The single left valve in the collec- 
tion agrees with the figures and des- 
cription of this species, the original of 
which is: 

“ Shell moderate in size, solid, thick, 
trigonally ventricose, slightly polished, 
marked by minute concentric growth 
lines; beak large, subcentral or slight- 
ly posterior; anterior end prominent, 
rounded, posterior narrowly rounded; 
ventral margin smooth” (OruxKa). 

Although the present specimen is 
slightly deformed, its outline when 
restored, the form of beak and the type 
of sculpture are quite similar to that 
of the type specimen figured by OruKa 
from the early Miocene deposits of the 
Ninohe District, Iwate Prefecture, 
Northeast Honshu. The present speci- 
men measures 35.5mm in length, 35.9 
mm in height and 10.5mm in depth of 
a left valve. 


Pitar sp. indet. 
Plate 24, Figures 9, 10. 


There are two types refered to Pitar 
sp. indet. One of the types is close to 


Pitar yabei Oruxa, except for being 
more elongate and higher, but this may 
be due to subsequent pressure. The 
specimens refered to this type measure 
26.4 and 32.0mm in height, 31.7 and 
27.6mm in length, and 10.2 and 10.2mm 
in depth of two right valves, respecti- 
vely. 

The other type comprises several ill- 
preserved specimens with their anterior 
parts being longer than the posterior. 
The shells are not swollen, and the small 
beaks are turned inwards and forwards. 
Although these may belong to the 
named genus, their specific positions 
remain unknown. 


Family Potamididae 


Genus Vicarya v’Arcuiac and 
Haime, 1854 


Vicarya cf. callosa japonica Y ase 
and Harat, 1938 


Plate 24, Figures la, lb, 2. 


1938. Vicarya callosa japonica YABE and 
; Hatal, Sci. Rep., Tohoku Imp. Univ., 
Ser. ay VOL, 19; “now 2 pag 149, pls 

figs. 12, 13, 21, 22. 


1955. Vicarya callosa japonica MASUDA, 
Trans. Proc. Palaeont. Soc. Japan, N.S., 
HON LOM eo: 


1956. Vicarya callosa japonica MasuDa, tbid., 
NO Piv2O~hsuda sl by 


Shell moderately large in size, tur- 
reted, with many whorls of which the 
lower 12 are preserved. Spinous tuber- 
cles on infra-sutural band nearly 
horizontally extending outwards from 
axis, upper part nearly flat, lower 
inclines. Spiral striae numbering two 
or three on lower whorls. Sinuous 
growth lines well exhibited and rather 
deep on body whorl. Height 50-+mm, 
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longer diameter 29.5mm, shorter dia- 
meter 25.5 mm. 

Several ill-preserved specimens are in 
the collection, all consist of casts and 
molds, but still preserve the surface 
sculpture and well defined sinuous 
growth lines on the body whorl. AlI- 
though the majority of the specimens 
are more or less deformed they still 
retain the characteristic spinous tuber- 
cles, sinuous growth lines, widened 
aperture, long and narrow turreted 
shell, and fortunately a small portion 
of the external shell was still preserved 
in one specimen. 
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Explanation of Plate 24 
(All figures in natural size) 


la, 1b, 2. Vicarya cf. callosa japonica YABE and HatTai. Fig. la, ruber cast of the 
mold shown in Fig. lb. Fig. 2, broken apertural part showing the strong sinuous 
growth lines. The flat spines and strong spiral ribs are well displayed. 

3a, 3b, 4. Anadara (Anadara) kakehataensis HaTaAt and NistyAMA. Showing the strong 
radial ribs, inflatness and characteristic shape (Fig. 3a). The external shell is not 
preserved. : 
5a, Sb. Anadara (Anadara) kurosedaniensis HATA and NistyAMaA. Ill-preserved specimen, 
yet exhibiting the characteristic granular sculpture on part of the shell and the in- 
flated nature. The shape of the beak differs from that of A. kakehataensis (Fig. 3b) 
and in width of the area. 

6a, 6b. Amnadara (Anadara) sp. indet. This elongated Anadara with high es swollen 
beak and wide area agrees with no known species from Japan. 

7. Left valve of Pitar itoi (MaKiyAMA), showing the characteristic shape and develop- 
ment of concentric growth lines. 

8. Right valve of Pitar yabei OruKa. Although not well preserved it is referred to 
the named species. [ 
9, 10. Pitar sp. indet. Fig. 9 is a deformed specimen while Fig. 10 is more or less 
normal. These may present different species but their preservation does not Rae 
specific determination. 


All of the; specimens figured are preserved in the collection of the Department of 


Geology, Faculty of Education, Hirosaki University. All are from the same locality of the 
left side of the Nakamura River, 300 meters north of the Takibuchi dam, Ajigasawa-machi, 
Nishi-Tsugaru-gun, Aomori Prefecture. 
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Trans. Proc. Palaeont. Soc. Japan, N. S. No. 37, pp. 209-222, pl. 25, April 1, 1960 


12) 
v9 


Ts. 


CARDIIDS FROM THE MIYAZAKI GROUP* 


(Palaeontological Study of the Miyazaki Group—VII} 


ASUGIO. SHUTO 


Department of Geology, Faculty of Science, 
Kyushu University 


‘Blin Be aE Cardiidae (bq: Cardiidae FAMM(LA LE LT, BSVILMANLEHE L 


is 


CH Eick 


i) 


PELAACWS, BIBL YD 


HOME LC, COMMOARCEOCHESK, 


= 


oo) 


6 


THEDICA RETO TC, EMBO Ay 
Bm Kk A 


Introduction 


The family Cardiidae is one of the 
groups which have been subjected to 
the extensive study. Numerous genera 
and species are counted as the impor- 
tant leading fossils or as the indicators 
of the environmental conditions. Since 
the study of the family started so early 
and went far into details, too many 
forms of generic or subgeneric level 
have been distinguished and named, 
some of which seem to be difficult to 
separate from the allied forms on ac- 
count of the gradual change of the 
characters. Recently Dr. A.M. Kren 
proposed a revised classification of the 
family. Though her classification seems 
to leave still some vagueness on the 
definition, which can be traced, for ex- 
ample, by the rather gradational change 
of the characters among the species 
belonging to Vepricardium (Cardiinae), 
Regozava and Vasticardium (Trachycar- 
diinae), it is no doubt an excellent one 
and I describe the species generally 


* Received March 2, 1959; read Nov. 30, 
1957. 
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according to it. 

This paper is the seventh part of the 
serial report, entitled as palaeontologi- 
cal study of the Miyazaki group, and 
chiefly concerned with the description 
of the species and some questions about 
and reference to only the particular 
cases based on the materials from that 
group is offered. 

I wish to express my cordial thanks to 
Dr. Tadashige Hase of Kyushu Univer- 
sity and Dr. Katsura Oyama of the Geo- 
logical Survey of Japan for their valu- 
able advices on the classification of the 
forms. I wish also to express my ap- 
preciation to Professor Ryuzo Toriyama 
for his kind help in the course of the 
study and reading over the typescript. 
I am indebted to Professor Tatsuro 
Marsumoro for his guidance on the 
general work in the field and at the 
laboratory. 


Systematic Description 
Family Cardiidae Broperip 1840 
Subfamily Cardiinae Sro.iczKa 1870 


Genus Vepricardium IrepaLe 1929 
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Type-species: Vepricardium pulchricos- 
tatum IreDALE by original designation 


Vepricardium kyushuense, new species 
Plate 25, Figures 7, 8, 18, 21 and 22; 
Text-figures 1A and 2A. 


Material:—Holotype: GK-L 4770, para- 


Specimen 


SHUTO 


Length Height Depth 


types: GK-L 4767, 4769, 4771, 4891 and 
4905. Numerous specimens came from 
the various localities, which belong to 
the different horizons. The matrix is 
the muddy sandstone and more or less 
calcareous. 

Measurements :—The measurements of 
the selected specimens are shown below. 


D/L Umbonal Number 


H/L 

Fog ms, (Lee: (MI) |(Emy cana) | Gammn) | Coe) | Can). | patna | of the | Nine 

GK-L 4745 820 DOO. | MSs a) 66uik 98. 5> [gaze 111 43 | right 
4769 5070 12.58. | 13) 46, | 298.4 536.8 1 29 | left 
4770 4853 35.0 | 34.8 | 120 | -99.4 | 343 104 32 | right 
4771 4853 535 197.0 | 11.0 | 94.7 | 38.6 112 30. right 
4791 | 2610 20.0 | 19:0 | 68 | 95.0 | 34.0 — | 35 | right 
4891 BOO. eh tier 9.8 3.8 B8ls aot 114 32 | left 
4897 | 839 th fa ee Neate 119 33. ~— left 
4905 g39,, | 141 | 131 | 42 |, 92:9 | 29.8 116 31 | right 
4906 839 eon adc 8 aml 116 98-.| right 

CLIN ea 


4907. | 839 oO: 


Diagnosis :—The shell is moderate to 
small in size, fairly inflated, almost 
equilateral.and equivalve. It is ovate 
in outline and slightly longer than high 
in the young stage and becomes higher 
in the adult. The test is moderately 
thick and solid. The umbones are pro- 
minent, elevated, incurved, touching and 
almost orthogyrate. The anterior mar- 
gin is regularly. rounded and smoothly 
continuous both to the somewhat con- 
cave antero-dorsal and the broadly curv- 
ed ventral margin. The posterior mar- 
gin is roundly and obliquely subtrun- 
cated and continues to the short dorsal 
margin and the ventral one with nar- 
row curvature. The antero-dorsal mar- 
gin is somewhat concave just below 
the umbo and the postero-dorsal one is 
straight. Both margins are almost equal 
in length, making the umbonal angle of 
about 110 degrees. The surface is sculp- 
tured by the numerous radial ribs and 


ONS — 116 29 


left 


the periodic lines of growth. The ribs 
are moderately elevated with the steep 
sides and the rounded tops and one and 
a half times broader than the rounded 
interstices on the central main part of 
the shell. On the anterior and especi- 
ally on the posterior part of the shell, 
they are rather sharply ridged and nar- 
rowed along the crest and ornamented 
by the distinct prickles on their crest 
and by the weak granulations on the 
sides. They are less broader there in 
proportion to the width of the inter- 
space than on the main part. Near the 
umbo they are rather smooth and as 
wide as the interstices. The number 
of the ribs is counted about 30 to 35 
and about 31 on an average. The cardi- 
nals consist of an almost horizontal and 
moderate-sized anterior cardinal and the 
large vertical posterior one on-the right 
valve. The anterior lateral tooth is 
larger than the posterior one and far 
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Text-figure 1. 


The hinge of the selected species of the Cardiids 


from the Miyazaki group. 
A—left hinge of Vepricardium kyushuense n. sp. 
B—left hinge of Vasticardium ogurai (OTUKA) 
C—right hinge of Clinocardium subdecussatum n. sp. 
D—right hinge of Laevicardium pigmae n. sp. 
Figures were drawn with camera-lucida, but slightly idealized. 


apart from the cardinals. The interior 
ventral margin is distinctly crenulated. 

Comparison :— According to the origi- 
nal author Vepricardium is featured by 
what “the ribs are rounded and bear 
scalloped prickles, the hollows facing 
the apex, closely set, missing on earliest 
portion of shell --”. Though the mature 
specimens of the present species really 
have the prickly ribs anteriorly and 
posteriorly, their scaly ornamentation 
is less developed than that in the type 
species. Thus concerning with this 
point of the character the present spe- 
cies shows, at least superficially, some 
affinity to Vasticardium IrepaLe and Re- 
gozara IrEDALE. However in the latter 
two genera the shell is very high and 
the ribs are generally much more smooth 
in Vasticardium and carinated in Re- 
gozava. While there seeems to be no fun- 
damental difference among the hinges 
of these three forms. Concludingly the 
present species is better to be classified 
into Vepricardium than into other genera 
on the basis of its shell-outline and the 
ribbing, and it may be accepted that 
the divergency in the ribbing from that 


of the type species lies within the 
range of the variation of the genus. 

Vepricardium sinense (SowERBY) (REEVE, 
1843, sp. 3) is an ally to the present spe- 
cies. The former resembles the latter 
especially in its size, shell-outline and 
the number and the prickly ornamenta- 
tion of the ribs, but the former has 
much less prominent umbo than the 
latter and its ribs are very much ele- 
vated and peculiarly narrowed along 
the summit even in the main area of 
the shell-surface. 

V. asiaticum (BruculérRe) (Reeve, 1843, 
sp. 90) also resembles the present spe- 
cies in its ribbing, but the former is 
two to three times larger than the 
latter. 

Horizon:—The Kawabaru, Tano, Tsu- 
ma and Tonogori member (upper Middle 
Miocene). 

Localities :—Kakoi (MI-4074) and Azu- 
kino”) (MI-4853), Sanzai mura; Yamaji® 
(MI-5070), Mino mura; Tonogori’ (MI- 
4717), Saito City, Koyu gun; Nakabyu? 
(MI-4020), Yatsushiro mura; Uchinoha- 
ye®) (MI-839), Takaoka machi, Higashi- 
Morogata gun; Horiguchi” (MI-820 and 
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822), Tano machi; Kagamisu pass*) (MI- 
2610), Kiyotake machi, Miyazaki gun, 
Miyazaki Prefecture. 


Subfamily Trachycardiinae 
Stewart 1930 


Genus Vasticardium IrEpALE 1927 


Type-species: Cochlea nebulosa Martyn 
by original designation 


Vasticardium hyuganum, new species 


Plate 25, Figure 17. 


Material:—Holotype: GK-L 4747. A 
single left valve obtained from the coarse 
sand bearing grey silty sandstone at 
the hill side west of Aya Town with 
the association of Siratoria siratoriensis 
(OruKxa), Paphia exilis takaokaensis Suvro, 
Veletuceta reevei (Mayer) and Ctena sp. 

Measurements :—length 23 mm, height 
24mm, depth 5.7mm, umbonal angle 
113 degrees, number of the ribs 39. 

Diagnosis:—The shell is medium in 
size, ovato-trigonal in outline, slightly 
higher than long, somewhat inequilat- 
eral and rather compressed. The umbo 
is moderately high, prominent, curved 
inward and prosogyrate. The anterior 
margin is regularly rounded and smooth- 
ly continuous to the broadly curved ven- 
tral margin. The posterior margin is 
roundly subtruncated and continues to 
the ventral and dorsal margins with 
the blunt angle. The antero- and pos- 
tero-dorsal margins are nearly straight 
and make the umbonal angle of about 
110 degrees. The former is shorter than 
the latter. A blunt angulation is dis- 
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cernible from the umbo to the postero- 
ventral corner and the area just behind 
the angulation is somewhat concave. 
The surface is sculptured with about 
39 radial ribs, which are rather low, 
round and smooth on the top, subequal 
in size throughout the entire surface 
except for the narrower posterior ones. 
Their profile is rather flat-topped at the 
central main part of the shell-surface 
and rounded at and near the ventral 
margin. The interstices are shallow, 
flat on the bottom and three-fifths nar- 
rower than the ribs themselves. The 
inner ventral margin is finely crenulated 
corresponding to the outer ribs. The 
hinge is unknown. 

Comparison :—Though the hinge teeth 
have not been verified, the specimen 
belongs with no doubt to the genus 
Vasticardium on the morphological basis 
of its slightly oblique and transversely 
elongated shell ornamented by the close 
and numerous ribs which are smooth on 
the top and separated by the narrow 
interstices. 

Vasticardium burchardi (DuNKER) (1882, 
pl. 15, f. 4-6) is very closely allied to 
the present species in the features of 
the rather shallow valves which are 
transversly elongated with its posterior 
angulation and the flat-topped rather 
low ribs separated by the narrow inter- 
stices. Founding uppon these charac- 
ters the two species together with V. 
radiatum (Reeve) and V. pallidum (Reeve) 
etc. make up a particular group among 
the numberless forms of Vasticardium. 
In spite of this basic resemblance be- 
tween the two species above mentioned, 
V. burchardi is clearly distinguished 
from the new species by its much larger 
and higher shell with smaller umbonal 
angle than the latter. 

Cardium (Trachycardium) commutatum 
Rovereto (Cossmann, 1921, p. 72, pl. 4, 
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f. 25-29), which has the ornamentation 
and the hinge of Vasticardium, is better 
to be classified into that group and 
closely resembles the new species in 
general feature, but the former has the 
much closer ribs than the latter. 
Cardium (“ Eucardium”’) njalindungense 
Martin (1917, p. 485, pl. 61, f. 106) also 
resembles the present new species in 


general, but the shell of the former is ° 


more inflated, especially in the main 
part, and more produced at the anterior 
part than that of the latter; that is to 
say, the former shows more oval and 
orthoclinal outline. The hinge of the 
two can not be compared. 


Horizon:—The Tano member (upper 
Middle Miocene). 


Length Height 


Locarity:—Waritsuke” (MI-671), Aya 
machi, Higashi-Morogata gun, Miyazaki 
Prefecture. 


Vasticardium ogurai (OruKa) 


Plate 25, Figures 13 and 16; 
Text-figure 1B. 


1938. Cardium (Bucardium) ogurai OTUKA, 
Jour. Fac. Sci., Imp. Univ. Tokyo, sec. 
2, vol..o, pt. 2,.pp-a2e-29, pl. 1, figs. 1 
2 and 8. 


Material :—Hypotype: GK-L 4789 (right 
valve) and 4790 (right valve). The speci- 
mens were collected from the fine sandy 
matrix by H. Kuropa. 

Measurements :— 


Specimen Depth : 1 rer) | Umbonal angle 
reg. no. (mm) (mm) (mm) | EAE < 72) | Dita (741) (degrees) 
GK-L 4789 Gan 45) 2350 | 94. 0 38. 8 | 107 


4790 Cas 282 | 28. 0 


Remarks:—The present species was 
described originally as Bucardium on the 
basis of a few specimens from the Sho- 
bara Miocene formation by the late 
Professor Oruxa in 1938. Its original 
description is as follows; 

“ Shell subtrigonal, rounded, inflated, 
almost equilateral; umbones small, but 
prominent ; curved inward, about middle 
of shell length; antero-dorsal side con- 
cave; postero-dorsal side more or less 
convex; anterior and posterior side 
rounded; central side broadly rounded 
and crenulated: surface sculptured with 
about 40 to 36’ radial ribs; radial ribs 
smooth near apical part, almost equal 
in size; interstices equal in width to 
the ribs; inner surface, excepting the 
umbonal part, regularly sculptured with 
weak ribs reflecting the surface radial 
ribs?’ 


LOPD ee) N05 0. Ae Sc abcd ee 


Bucardium was established by Gray 
in 1853 but its type designation was 
made subsequently by Von Vesr in 1875 
(Keen, 1937, pp. 4-5). The comparison 
of the type species, Cardium ringens 
Lamarck, with “ Bucardium”  ogurai, 
however, leads to the conclusion that 
the latter should not belong to that 
genus. That is to say, Cardium ringens 
has the markedly concave antero- and 
postero-dorsal margins; in other words, 
its antero- and postero-dorsal parts ex- 
pand outward to make a large apical 
angle like as in Cardium s.s.. Further- 
more its outer radial ribs with foliace- 
ous rims on sides are not so numerous 
and separated by the very deep inter- 
stices especially on the posterior part. 
These characteristics are not recogniz- 
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able on the present species, and accord- 
ingly it should not be included in the 
genus Bucardium. While Oruxa com- 
pared his “ Bucardium” ogurai with Car- 
dium asiaticum Brucuiére and mentioned 
the close alliness between the two, the 
latter is now classified into Vepricardium 
IrepALE 1929, which is characterized by 
the prickly ribs and the narrow and 
deep interstices between them. “ Bucar- 
dium” ogurai seemingly devoids of these 
features too. It is more reasonably clas- 
sified into Vasticardium on the founda- 
tion of its shell-outline and ribbing. 

The specimens in hand are slightly 
larger than the syntypes of the original 
author. The shells are subeqilateral 
and ovato-trigonal in outline with rather 
large, swollen, high, recurved and tou- 
ching umbones. The surface sculpture 
consists of about 35 radiating ribs which 
are weakly reflected on the inner sur- 
face except for the apical and the pos- 
tero-dorsal part beyond the posterior 
angulation. The ribs are flat on the 
top and narrower than the round and 
shallow interstices. On the left valve 
the cardinal teeth are composed of the 
vertical and rather prominent posterior 
tooth and the almost horizontal and less 
prominent anterior one. The anterior- 
and posterior-lateral teeth are thin and 
long and equally distant from the cardi- 
nals (Text-fig. 1) 

Vasticardium tochigiense HirayaMa 
(1954, p. 64, pl. 3, f. 13-15) remarkably 
resembles the present specimens in the 
general form and the ribbing, but the 
shells of the former are less inflated 
than the latter and their umbones are 
not touching. 

Horizon :—The Boroishi member (upper 
Middle Miocene). 

Locality :—Kiyama" (MI-8578), Nichi- 
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nan City, Miyazaki Prefecture. 


Subfamily Protocardiinae Keen 1951 
Genus Nemocardium Meek 1876 


Type-species: Cardium  semiasperum 


Desuayes by monotypy 


Subgenus Keenaea Hase 1951 


Type-species : Cardium  samarangae 
Maxryama by original designation 


\ 


Nemocardium (Keenaea) samarangae 


(MaxkiyaMa) 


Plates25, Piswresw ls. 2, 3.04585, sOlnL os 
23 and 24 


1850. Cardium modestum A. ADAMS and REE- 
VE, Zoology of the Voyage of HMS 
Samerang, Mollusca, p|. 22, fig. 6. 

1920. Cardium modestum, YOKOYAMA, Jour. 
Coll. Sct.. Imp. Univ. Tokyo, vol. 39, 
Gt 6, Dp. L28pla 9, fis, T2213: 

1934. Cardium (Nemocardium) samarangae 
MAKIYAMA, Mem. Coll. Sci., Kyoto 
Imp. Univ., ser. B, vol. 10, no. 2, art. 
On spamlass 

1936. Cardium (Nemocardium) modestum, No- 


MURA and Hata, Saito Ho-on Kai 


Mus. Res Bulls nov 10; ps 125. plete: 
fig. 10. 

1937. Cardium (Nemocardium) samarangae, 
Nomura and JIMBO, ibid. no. 13, p. 
162. pile, 22esthom 6. 

1951. Nemocardium (Keenaea) samarangae 
HABE, Genera of Japanese Shells, Pele- 
cypoda, no. 2, p. 152, fig. 326. 


1954. Nemocardium samarangae. HiRAYAMA,,. 


Sci. Rep., Tokyo Kyoiku Daigaku, sec. 
Cynon Ss pe OO, Pile toy SSO sii. 


Material :—Hypotypes: GK-L 4727 and 
4731. Abundant specimens were obtain- 


ed from various localities with the as- 
sociation of the large molluscan assem-- 


blages. 
Measurements :—Shown in table 1. 
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Table 1. The measurements of the selected specimens of Nemocardium (Keeiaez) 
samarangae (MAKIYAMA) from various localities and horizons. 


Specimen yo. (MI-) Length Height Depth | H/L | p/L_ Umbonal Poste- 


reg. no. | (mm) ““Gnm) (mm) | (%) | (8) (degtees) “rite | 
GK-L 4721 | 5739 28.9 | 97.9 -1°-10.4° | 96.5 | 36,0 110 = -29_~—S right * 
4722 | 5739. | 27.4 | 26,4 | 10.2 Paseo) [W375 110° |; 30: | right 
A723 Ph ees 730° 9) E196 bg 77,3 oar 36.7 Gb eG Sie uesE 
4724 | 5739 | 2600 | 243" 9195112 03.3 1 38:3 112 30 right 
25 a eb S0 8 1282" ois Go etrOord | 236,38 Weer, 030. Wilere 
4726 8739, 24.5 23.3 SO eareo ) in233-8 115 | 30 | right 
Mee NS BSB | 26.1 24, 8 Oo ed 82 .| ais5r2 113 28 | right 
4728. | 5739 | 28.0 | 26.2 | 10.1 | 935 | 361 | Tid | 29 | left 
4731 | 5739 2129. |~ 20:3 729 | 92-6 | 34:7 | 1130) 29°) | right* 
4732 4074 | 20.9 | 20.0 7.8 |-95.5 | 34.9 112 | 32 | left* 
Riscm AUT ae. ao. 8-189 TG pr ole ss! 8873 113 31° | right 
Mice SANTA me aA 1A AT OP a N85 13 30 left 
4750 | 5061 | 16.5 | 15.3 58 926 | 352 | 110 31 right 
4752 Siolmeteittor eit dale 461 Oe ea al. 7 ie LIS 28 | right 
A756 «4853: |> 19,0. & 18.2 7 Teel Ord, A. 37.3 109 28 | right 
ATS Tee YASS Se DO 0) oh 30.4 carer Oem ONG 111 Soun iehe 
4772 BOGS eet One) ocd 9. Ta ie 93,2 |. 13529 114s ies 290) | ciehe 
4774 BOA 11a 35.0) 3th 12. Speman | 13572 115 29 right* 
4787 | A074, 18,3 | 16.4 5 mlesoaann Sil 109 | 29 | left 
4794-| A717 | 15.9 | 15.3 5.8 (196.1 | 36.4 113e i) 295 slerienes 
4795 A717 20.8 19.9 THe biG | 36.1) 1094 ahs 30) | right 
4798 | 5061 | 23.9 | 22.9 8.5 | «95:8: 1235.7. |° 103 33 | left* 
4799 5G eee h ih 13.7 AvB1=9312 | 32.6 102) = 30) Mirietit 
GK-m 1 |Moeshima** 29.6 | 27.1 | 10.3 | 91.5 | 348 | 118 31 | left 
2 Bee ae ness | 22405 8.7 | OF7 | 82.9 "| A118 27 | right 
Shi | 9323) 0|--20.9 7.2 80s6p.\93009" ||. 17 es 28 lett 
eer egii7 6025.9 S| 19-3. ees sose7 "| aii} |) “330 ecient 
5 Ree 250G | 26.5 OS aito leus4 20 lt eh) SL inlet 
6 — | 27.2_| (24.9 8 0 yeOn ce WL 2227 114 | 33 | right 
a ee et a7 22. 0 Tom eeeO Omni 117~ | 29 | right 
Bj Peete | 8. Tala 25.3 118 30 (| left 
9 —— DOCe ape oie oe OFT a OSA gies 110 oeas0v! ett 
> NOEs ents 7 2550 1" 8. 3 aeeh 6 api 33e1 le viioucl. siemiwere 
i Cad spo PAG 29/6 t . S-Pamid Olas 1:38) 1 1igte |) e320 lett 
12 ERE B77 "| “OY 5 | 7. OM S0NG ED 1 115: Wl) 3) ) tere 
13 ss 24.9 | 23.1 | 8.5 11.931 1234.2 12930, Pere 
14 a Ode Ne Doce) A7. SMNED ELE) “3257, 1182 Nr at) ett 
b * conjoined specimen a upper horizon—loc. MI-5595, 5674 & 5739 
** Pleistocene bed middle horizon—loc. MI-4717 


lower horizon—loc. MI-4074, 4853 & 5061 


216 Tsugio SHUTO 


Remarks:—The present species has 
been found in three horizons of the 
Miyazaki group. The upper horizon, 
the uppermost part of the Takanabe 
member (Lower Pliocene), includes three 
localities, where the lithology is tuffa- 
ceous muddy sandstone altogether and 
the preservation of the fossils is per- 
fect. The middle horizon, the Tonogori 
member (Uppermost Miocene), contains 
only a single locality, where the speci- 
mens occur in a lenticular shell bed of 
sandy matrix intercalated in the silty 
rock and the preservation is not always 
perfect. In the lower horizon three 
localities have been known and the 
lithology at these localities is calcareous 
fine sandstone and the preservation is 
moderately suitable. Though the minor 
difference in morphologic characters 
among the specimens of three horizons 
or of the separated localities of the 
same horizon really exists, it concerns 
with only the characters of subordinate 
Significance, that is to say, they differ 
remarkably only in the size of the 
shell. Comparing with the living and 
the Pleistocene specimens, the common 
features or unity of the present 
material as one population may be 
easily recognized. The specimens from 
the Miyazaki group as a whole have 
the higher and deeper shells with 
smaller umbonal angle than the Recent 
or Pleistocene ones as indicated in table 
1. As to the above mentioned aspect 
some sort of boundary may be really 
defined between the two groups of the 
specimens. However the other impor- 
tant features are quite identical be- 
tween the two. Furthermore certain 
Miocene specimens reported by several 
authors illustrate the laterally elongated 
outline and necessarily the’ large um- 
bonal angle. That is to say, these Mio- 
cene fossils more closely resemble the 


Recent and Pleistocene specimens con- 
cerning with these features than with 
those of Mio-Pliocene Miyazaki group. Of 
course it must be careful to consider 
whether these differences in the morpho- 
logic features mean the interspecific di- 
vergence or mere ecological variation 
within a single species. In the present 
case, however, it is more acceptable to 
consider that such morphological aspects 
as above mentioned are the intraspecific 
phenomena. 

Horizon:—The Kawabaru, Tsuma, To- 
nogori and Takanabe members (upper 
Middle Miocene to Lower Pliocene). 

Localities :—Kizukume!) (MI-5739) and 
Iwawaki2) (MI-5674), Tonda mura; Tori- 
yama®) (MI-5595), Kawaminami mura; 
Tonogéri” (MI-4717), Saito City; Kakoi” 
(MI-4074) and Azukino® (MI-4853), San- 
zai mura; Yamaji” (MI-5060 and 5061), 
Mino mura, Koyu gun, Miyazaki Pre- 
fecture. 


Subfamily Laevicardiinae Keen 1936 
Genus Clinocardium Kren 1936 


Type-species: Cardium nuttalli Conrap 
by original designation 


Clinocardium subdecussatum 
new species 


Plate 25, Figures. 9, 10, 12 and 20; 
Text-figure 1C 


Material :—Whole specimens came from 
the calcareous nodules, rich in fossils, 
in the fine sandstone. The detouched 
specimens are more or less imperfect on 
account of the difficulty in cleaning in 
spite of the original state of suitable 
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preservation. Holotype: GK-L 4777, more or less imperfect or fragmental. 
paratypes: GK-L 4776, 4781, 4782 and Measurements :—The measurements of 
4784. Other numerous specimens are the selected specimens are given below. 
Specimen Length! Height| Depth |-H/L | psp /UmbonaljNumber| 
eso! Loc. Pa (mm) (mm) | Zorn) | a | bs aoe a Valve 
GK-L 4776 SEI YP S21NON 120.60) 6.5 “ges. | 30.9 | 110 49 | right 
4777 5061° °/° 19.6 | 18.0-| 6.0-|=9f.8 | 306 lil 50 | right 
4780 5060 TOPO OHS Oe ee SOS Ry es 109 45 | right 
4781 5060 bike Al iN SS thee Slit SORE | 32.4 119 46 | left 
4782 5060 | 19.5 lth 2 Owl 93.3 | 29.2 110 50 right 
4783 5061 eel5en0 iE @ | Ee 93.3 30.6 HOU 47+ | right 
4784 5060 15. 0 14.5 | ATAPI -9080) a 2983 IY 51 | right 


Diagnosis :—The shell is rather small 
in size, ovate in outline, remarkably 
inequilateral, and oblique. The test is 
rather thin and fragile. The umbones 
are moderately prominent, somewhat 
swollen, incurved, quite touching, pro- 
sogyrate, and situated at the two-fifths 
of the shell length from the anterior 
extremity. The antero-dorsal margin is 
somewhat concave below the umbo and 
about three-fourths shorter than the 
nearly straight postero-dorsal margin. 
The anterior margin is narrowly curved 
above, and broadly and regularly curved 
below to continue to the broadly curved 
ventral margin without any angulation 
or discontinuity. The posterior margin 
is narrowly rounded. A blunt angula- 
tion runs from the umbo toward the 
postero-ventral corner. The posterior 
surface beyond the angulation iS con- 
cave and somewhat flattened and ex- 
panded posteriorly. The surface sculp- 
ture consists df the numerous radial 
ribs and the less distinct concentric 
lines. On one hand the ribs are stronger 
on the anterior, posterior and ventral 
parts than on the central and the um- 
bonal area. On the other hand the con- 
centric lirae are not observed near the 


ventral part of the full grown shell 
and distinct on the early portion, where 
the decussate sculpture is illustrated. 
The radial ribs are flat on the top and 
separated by the very fine grooves at 
the young stage. As the shell grows 
they become more distinct, more ele- 
vated and rather round and the inter- 
stices become wider and deeper with 
the definite steep sides. The number 
of the ribs ranges from 45 to 50. The 
hinge plate is narrow and long. On the 
right valve the anterior cardinal is 
horizontal and fused at the base with 
the posterior one which is vertical and 
somewhat larger than the former. The 
laterals are far apart from the cardinals 
(text-fig. 1C). The interior margin is 
finely crenulated. 

Comparison:—One of the most charac- 
teristic features of this species is the 
weak decussate aspect of the surface 
sculpture. The type species of the 
genus has not such sculpture as this, 
and likewise the greater part of the 
representatives of the genus is devoid 
of it. Accordingly the decussate forms, 
if this feature is seriously estimated, 
may be regarded as a particular sub- 
group of the genus, but not as a differ- 
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ent genus, for concerning with the 
other characteristics any significant 
difference from the type species is not 
realized. 

Clinocardium fastosum (YoKoyAMA) 
(1927, p. 178, pl. 48, f. 5) posesses such 
a sculpture as this, but it is four and 
a half times larger than the present 
new species and furthermore the post- 
ero-dorsal and posterior margin of the 
former are much more regularly curved 
than in the latter. 

If the decussate feature is not esti- 
mated, a few of the known species re- 
semble the present one. Clmocardium 
pristinum Keen reported from the Upper 
Miocene Cierbo-Neroly formations(Keen, 
O54 pelo pls i 1..9 and 15)asvone Or 
the resembling species, but has more 
produced postero-ventral corner than 
the present species. 

C. coosense (Dart) (1909, p. 118, pl. 13, 
f. 3) has somewhat higher shell than 
the present new species. 

C. chikagawaense Kotaxa (1950, p. 46, 
pl. 5, f. 1-6) is about three times larger 
than the present species. Furthermore 
the former is more oblique and has less 
numerous ribs. 

Horizon :—The lowest part of the Tsu- 
ma member (Upper Miocene). 

Locality :—500m northwest of Yamaji” 
(MI-5061), Mino mura, Koyu gun, Miya- 
zaki Prefecture. 


Genus Fulvia Gray 1853 


Type-species: Cardium apertum Brv- 


GUIERE by monotypy 
Fulvia mutica (Reeve) 


Text-figure 2B. 


1) Pele Ba BB = AWA REP 500 m. 


1844. Cardium muticum REEVE, Conch. Icon., 
vol. 2, Cardium sp. 32. 

1920. Cardium muticum, YOKOYAMA, Jour. 
Coll. Sci., Imp. Univ. Tokyo, vol. 39, 
art. 6, p. 128, pl. 9, fig. 11. 

1922. Cardium muticum, YOKOYAMA, 1bid. 
DOL. AZ art, Ip. Los, pin 2S tiom(. 

1951. Cardium muticum, Hi1RASE (rev. by 
Tak), Jllust. Handb. Shells, pl. 30, 
fic. 2. 

1951. Fulvia mutica, HABE, Genera of Japa- 
nese Shells, Pelecypoda, no. 2, p. 150, 
figs. 329-330. 


Material: —Hypotype: GK-L 4767. 
Rather common with the large assem- 
blages of molluscan fossils in the tuf- 
faceous fine sandstone at T6riyama. 


Text-figure 2. 


A—Vepricardium kyushuense n. sp. para- 
type, GK-L 4905, loc. Uchinohaye, 
Takaoka machi, Higashi-Morogata 
gun, Miyazaki Prefecture. 

B— Fulvia mutica (REEVE), GK-L 4765, 
loc. Tériyama, Kawaminami mura, 
Koyu gun, Miyazaki Prefecture. 


Two unit bars indicate one cm respectively. 
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Measurements :— 
Specimen Length Height Depth i 
reg. no. (mm | (mm) (mm) H/L (%) D/L (¥) Valve 
GK-L 4748 31. 0 30.3 20.2 97.7 a20 conjoined 
4765. | Bileeo 28. 0) 89. 4 — left 
4766 20.0 19.2 : 93.6 35. 6 right 
17.1 6.5 95.0 36. 1 right 


4767 18. 0 


Remarks :—The specimens in hand are 
featured by the fragile shell of trans- 
versely elongated ovate form which are 
gaping anteriorly and especially pos- 
teriorly and ornamented with the weak 
radial striae on the surface. Founded 
upon these diagnosis and other sub- 
ordinate characteristics it is reasonable, 
I believe, to identify them to Fulvia 
mutica (Reeve), though the present fossil 
shells are somewhat smaller than the 
adult shells of the living forms which 
are commonly found among the 
euneritic to subneritic faunas of the 
Japanese. waters. 
pe blonizons=The:xupper part of the 
Takanabe member (Lower Pliocene). 


Wwaminami mura, Koyu gun, Miyazaki 
Prefecture. 


Genus Laevicardium Swainson 1840 


Type-species: Cardium oblongum GMELIN 
by subsequent designation, SroLiczKa 
1871 


Laevicardium pigmae, new species 


Plate 25, Figures 11, 14 and 15; 
Mext-nounes IND: 


Material :— Holotype: GK-L 4880 ; para- 
types: GK-L 4793, 4803, 4876, 4877 and 
4879. The matrix is well sorted pale 
grey fine sandstone. The associated fau- 


Locality:— Toriyama. (MI-5595), Ka- nule is smali and simple. 
Measurements :— . 
Specimen Re (MI-) \Length Height) Depth| H/L | D/L | See "Posterior 

reg. no. sane | (mm) (mm) (mm) Gy 1 @B (Gectecs) b =ribs 
GK-L 4793 -~/- 2610 8.7 (eth Bp 5) 88.6 | 40.2 107 4 
4803 2610 rd el pam ae Sell O406. |, 41:3 105 4 

A876 9 a 9235 10,5 9.4 By a 89.5 32.4 97 5 

4877 923 5.6 Op 1a) Thy ff 98. 2 | 30.4 95 4 

4879 923 GOEL 7 ho. Albee) 88.5 Sy 92 4 

6.7 (G3) eB 94, 0) 34,3. | 99 4 


4880 923 


Diagnosis:—The shell is very small, 
ovate in outline, somewhat longer than 
high, slightly oblique and inequilateral. 
The umbones are prominent, high, swol- 
len, incurved, almost touching and situ- 


1) ‘Bri SBD) I Pe 


ated nearly at the half from the an- 
terior margin. The anterior margin 
is narrowly rounded and smoothly con- 
tinuous to the gently curved ventral 
margin. The posterior margin is obli- 
quely subtruncated. The antero- and 
postero-dorsal margins are somewhat 
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concave and rather short, making an 
umbonal angle of about 100 degrees. 
They are almost equal in length. A 
blunt angle is discernible from the 
umbo toward the postero-ventral corner. 
The surface beyond the angulation 
which is not but the escutcheon, is 
sharply defined by the concave part 
along the angulation and the smooth 
area’ along the margin. The surface is 
almost smooth at the central part and 
sculptured by numerous fine radial rib- 
lets ventrally, anteriorly and posteriorly. 
The riblets are about 32 to 35 in num- 
ber, of which four to five ones on the 
posterior part of the main surface along 
the angulation are rather strong, but 
are not so elevated, showing the wavy 
profile. The cardinals are tiny and the 
lateralis are long and platy. The ante- 
rior lateral tooth is more apart from 
the cardinal than the posterior one. 
(text-fig. 1D). The interior margin is 
finely but distinctly crenulated. 

Comparison:— The present species 
comes to maturity which is obviously 
shown by the ventral ribbing, though 
its size is very small, and that is one 
of the characteristic features of the 
species. Laevicardium generally includes 
many small forms, but really such small 
one as this are few among the known 
species. 

Laevicardium umdatopictum (Pitssry) 
(1904, p. 554), living in our country and 
one of the index species of somewhat 
interlocked embayment fauna, closely 
resembles the present species, but the 
former has more numerous surface 
riblets and shallower area than the 
latter. 

Horizon:— The Tano member (upper 
Middle Miocene). 

Localities :—Uyeharu") (MI-923), Tano 


1) BIGS SEC EyAy Ee 


machi; and Kagamisu pass (MI-2610), 
Kiyotake machi, Miyazaki gun, Miya- 
zaki Prefecture. 
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Explanation of Plate 25 


VWEDLIC A? CIWS USHUCNSE” Ts IS Padicceveeretduse toe Guo ores (ose ve ote) Cre AD EA heh ya Nears (sonoma ete ee Ceo eet ane jag) ll 
Fig. 7. (X1.5), paratype, GK-L 4769, left valve; immature specimen; loc. Yamajji, 
Mino mura, Koyu gun, Miyazaki Prefecture. 
Fig. 8. (x1.5), GK-L 4764, immature, showing the apical part; loc. Nakabyu, Yatsu- 
shiro mura, Higashi-Morogata gun, Miyazaki Prefecture. 
Fig. 18. (x1.5), GK-L 4801, right valve; loc. Azukino, Sanzai mura, Koyu gun, Miya- 
zaki Prefecture. 
Fig. 21. (x1), GK-L 4746, left valve; loc. Uchinohaye, Takaoka machi, Higashi-Moro- 
gata gun, Miyazaki Prefecture. 
Fig. 22. (x1.5), holotype, GK-L 4770, right valve; loc. Azukino. 
VGSELCAT AIM NVUB AUTH Ts SPs aieere te tone oko at shes) ) 6:0: sie, oxo) eens ouaital s sleerlavaealana, al efpiatet el sie elton otetete aes ps 212 
Fig. 17. (x1.5), holotype, GK-L 4747, left valve; loc. Waritsuke, Aya machi, Higashi- 
Morogata gun, Miyazaki Prefecture. 


VESTCAPALIN JO BUCAT OTIC erences SNe bien oes «poss ner chemo ecys NAT aw SOMO OPP aes ee ae p- 213 
Fig. 13. (x1.5), holotype, GK-L 4790, right valve; loc. Kiyama, Nichinan City, Miyazaki 
Prefecture. 
Fig. 16. (x1.2), hypotype. GK-L 4789, right valve; loc. same as the preceding one. 
Nemocardium *CKkeenaed) samarangaen (MAKTY AMA) «cele uhecttciel- satel epee) ite eee p. 214 


Fig. 1. (x1.5), hypotype, GK-L 4727, right valve; loc. Kizukume, Tonda mura, Koyu 
gun, Miyazaki Prefecture. 
Fig. 2. (x1.5), GK-L 4798, left valve of the conjoined specimen; loc. Yamaji, Mino 
mura, Koyu gun, Miyazaki Prefecture. 
. (X1.5), interior view of the same specimen as Fig. 1. 
Fig. 4. (x1.5), GK-L 4726, right valve; loc. Kizukume. 
Fig. 5. (x1.5), GK-L 4732, left valve of the conjoined specimen; loc. Kakoi, Sanzai 
mura, Koyu gun, Miyazaki Prefecture. 
Big. 6. (X1.5), GK-E 4725; left valve; loc. Kizwkume. 
Fig. 19. (x1.25), GK-L 4774, right valve; loc. lwawaki, Tonda mura, Koyu gun, Miya- 
zaki Prefecture. 
Fig. 23. (x1.5), posterior view of the same specimen as Fig. 5. 
Fig. 24. (x1.5), hypotype, GK-L 4731, posterior view; loc. Kizukume. 
CUMOCUL OVATE SUUTECUSSCUUIIUMIRT SD, rchellole eienereoce) ohnone a1 are Riel era sfenek tel east ee eee p. 216 
Fig. 9. (x2), paratype, GK-L 4776, right valve; loc. Yamaji, Mino mura, Koyu gun, 
Miyazaki Prefecture. 
Fig. 10. (x2), paratype, GK-L 4781, left valve; loc. same as the preceding one. 
Fig. 12. (x2), holotype, GK-L 4777, right valve; loc. same as the preceding one. 
Fig. 20. (x2), showing the sculpture on the marginal part. 
LGEUCOT GUM PIZINGE NS SDs © sence 0.4 ciainiave Fa ers eye's Oo a NOC OOOO ee eee p. 219 
Fig. 11. (2.5), paratype, GK-L 4793, right valve; loc. Kagamisu pass, Kiyotake machi, 
Miyazaki gun, Miyazaki Prefecture. 
Fig. 14. (x2.5), paratype, GK-L 4803, right valve; loc. same as the proceding one. 
Fig. 15. (x3), holotype, GK-L 4880, left valve; loc. Kariyabaru, Tano machi, Miyazaki 
gun, Miyazaki Prefecture. 
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379. UPPER JURASSIC PTERIACEA FROM THE SOMA GROUP, 
FUKUSHIMA PREFECTURE, JAPAN* 


MINORU TAMURA 


Faculty of Education, Kumamoto University 


fala SO Lik 1 7 Ape Pteriacea: MBRRMBOLMO 2 5R + PORBEO 
Pteriidae (8 ff, 53% 4 $#7§), Halobiidiae (1 #) KU Bakevelliidae (1 Hf) #22iK 
Lk, Pteriidae (2PORBLMO)WARA HOR KARRV PLOWS L OWMBBICE 
<> MGEMBY 2 7 REAM ALAORR MD EMBL TVS, Halobiidae © 1 fait 
Aulacomyella? sp. @ Aulacomyella jt IMLAY WL HIB y 2) y HHHICIRESNT 
PEF SEDLZECH SM. Aulacomyella? sp. OPOR/BD FO RMWIWVEATAE CHS, 


HMA 
This is to describe the Pteriacea from sandstone (7th) merges upwards to the 
the Jurassic Soma Group. The occur- Koike limestone or marly shales (8th) 
rence of Pteriidae, Halobiidae and with limestone intercalations. 
Bakevelliidae are restricted in the 7th Somapteria gen. noy. is instituted on 
and 8th zones of Trigoniae in the Na- Somapteria koikensis Tamura, new spe- 
kanosawa formation. It is noteworthy cies. The species described here and 
that these zones belong to the calcare- their occurrences are shown in the 
ous facies. More precisely, calcareous next table. 
Specific name 7th zone 8th zone 
Pteria masataniti TAMURA, new species Sr | = 
SPECI. “SDs - + 
Somapteria koikensis TAMURA, new species — ae 
Pteroperna lingulata TAMURA, new species + — 
Pteroperna pauciradiata TAMURA, new species + = 
Pteroperna sp. aie = 
Pteroperna ? sp. " + = 
Aulacomyella ? sp. f= = 
Gervillia tatenosawensis TAMURA, new species -- — 
Two valves of these species are Although some species are represented 
generally detached but test is preserved. by imperfect specimens, the Pteriacea 


= represent certainly an important com- 
pepe ary eobalrer ecciogy.. the onent of the Soma pelecypod fauna 
localities and zones of pelecypods, the rea- ie . Pp yp 5 


ders are referred to the previous paper _The writer wishes to express his 
(1959b). Received Jan. 24, 1959; read Feb. sincere thanks to Prop, “1s KoBayASsHI 
14, 1959. of the University of Tokyo, for his kind 
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guidance, facilities and supervision of 
the manuscript. The specimens now 
described were partly collected by the 
writer but others by Kosayasui, Oru- 
xa, Masatant and several others, to 
whom the writer’s thanks are due. 


Description of Species 


The shell-obliquity is defined by an 
angle between a hinge-line and a 
median line of a shell body. 


Family Pteriidae 


Genus Pteria Scopout, 1777 


Pteria masatanii Tamura, 


new species 
Plate 26, Figures 19, 20. 


Description :—Shelil large (about 100mm 
high; about 80mm long), strongiy in- 
equilateral, slightly compressed, pteri- 
form, much higher than long. Left 
valve thin; umbo located near anterior 
extremity; hinge margin long; anterior 
auricle short; posterior one much 
longer; anterior margin sinuated below 
auricle but rounded, extended backward 
and passing into round ventral margin; 
posterior margin concave; greatest 
tumidity found near center; posterior 
adductor long, crescentic, located at a 
little posterior and above mid-height; 
hinge area trigonal; ligament pit 
moderately wide, oblique, triangular, 
descending backward from umbo and 
meeting hinge margin in anterior half; 
hinge thickened anteriorly, provided 
with several parallel crenulations near 
umbo; a small number of ridges in 
basal part of posterior wing parallel 
to hinge margin; surface probably 
smooth; nacreous layer thick. 

Observation :—A large left valve shows 


its interior. Its posterior auricle is 
broken. The thick hinge below umbo 
bears about 5 taxodont-like crenules 
which are parallel to one another and 
vertical to the margin. The hinge area 
is characteristic of the genus and near- 
ly equal to those of the recent Pteria. 
The shell form of this is fairly similar 
to Magnavicula. P. (M.) penguin (Ropinc) 
resembles this species at first sight, 
but they differ in sheil form and ad- 
ductor scars. 
Occurrence:—7th zone at Loc. 15. 


GAO, 2 SOE 
Plate 26, Figure 21. 


Shell small (34mm long, 24mm high), 
inequilateral, depressed, somewhat 
quadrate and longer than high; umbo 
at about anterior 1/3 of hinge margin, 
scarcely projected above; anterior 
auricle fairly large and not acute; 
posterior auricle short and ill-defined; 
shell body wide; shell-obliquity about 
50°; anterior and posterior margins a 
little concave below auricles but near- 
ly straight downwards; ventral margin 
rounded; growth-lines seen on surface; 
adductor scar crescentic, large, nearly 
central; hinge unknown. 

Represented only by an_ internal 
mould of a right valve with thin test 
in the upper half. It is close to Pinctada 
in outline and subcentral crescentic 
large adductor scar, though a large 
anterior wing and its not scaly surface 
disagree with Pinctada. 

Occurrence :—8th zone at Loc. 14. 


Genus Somapteria Tamura, 
new genus 


Type-species:—Somapteria koikensis Ta- 
MURA, new species. 


Pa Ae ae! 
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Diagnosis:—Shell small for family, 
equivalve, inequilateral, moderately 
convex, trigonal and elongated; umbo 
anterior; auricles not demarcated from 
shell body, surface smooth except tor 
fine threads; hinge “ Pteria” type; 
ligament pit narrow and oblique below 
umbo; several taxodont-like teeth on 
thickened hinge margin anterior to 
ligament pit; two long lateral teeth on 
each valve. 

Remarks :—The hinge structure war- 
rants its belonging to the Pteriidae. 
Auricles are not so clearly demarcated 
as usual in the Pteriidae. The anteri- 
or extremity of hinge forms an obtuse- 
angle. The weak shell-obliquity is a 
generic characteristic. The outline of 
this genus is similar to Gervillella rather 
than Pferia. Its resemblance to Gervil- 
lella is only superficial and no multivin- 
cular ligament pit can be seen. 

Pteria tutcheri Arxeit from the Great 
Oolite of England (ArkKe t, 1931) is in- 
timately related to the type-species and 
probably intermediate between common- 
type of Pteria and the genus in outline. 

Distribution :—Upper Jurassic of Japan. 


Somapteria koikensis TAMURA, new species 
1: exterior of right valve. 
2: interior of left valve. 

Gervillia tatenosawensis TAMURA, Nn. Sp. 
3: left internal mould. S 


Somapteria koikensis Tamura, 
new species 


Plate 26, Figures 3-8; Text-figures 1, 2 


Description:—Snell smail, equivalve, 
strongly inequilateral, elongated trigo- 
nal in outline and much longer than 
high; umbo a little projected beyond 
hinge-margin and at about anterior 1/3 
of hinge margin; auricles though de- 
pressed, not demarcated from shell 
body; anterior extremity forming about 
80° angle but not angulated; posterior 
one about 140°; antero-ventral margin 
slightly rounded; posterior nearly strai- 
ght or even a little concave; hinge 
subequal to or a little shorter than 
posterior margin in length; shell body 
rounded and _ prolonged posteriorly; 
surface ornamented with fine radial 
ribs and others subparaliel to posterior 
margin; hinge area long and narrow, 
with a trigonal ligament pit sloping 
backwards from umbo; hinge plate 
thickened below umbo and finely crenu- 
lated; two internal ridges in posterior 
below hinge margin long, not parallel 
to each other. 


Measurement IL, H 


| 
Left valve (MM 3238) 24mm 14mm 
Left (MM 3239) | 31 14 
Left (MM 3240) | 34 14 
Left (MM 3241) | 28 14 
(MM 3242) | 30 13 


Right 


Observation:—Numerous specimens at 
hand show morphic variance. Their 
preservation is excellent for Jurassic 
specimens of Japan. The auricles are 
ill-defined and non-alate. The shell is 
strongly produced back. Internally, it 
is typical of Pteroperna. The surface 
ornaments are delicate or invisible in 
most specimens but distinct in one 
(MM 3243). 

Comparison:—Its shell form is most 
conspicuous and auricles are ill-defined. 
It resembles Gervillella (Gervillella avi- 
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culoides (SowerBy) (ArKeE.L, 1931), 
Gervillella acuta (J. de C. Sowersy) and 
Gervillella monotis (J. A. Euprs-DEsLONG- 
cuamps) (Morris and Lycert, 1853; Cox 
and Arke t, 1948)] in outline but differ- 
ent in hinge. 

Occurrence :—8th zone at Loc. 14. 


Genus Pteroperna Morris and 
Lycrsrr, 1853 


Pteroperna pauciradiata TAMURA, 
new species 


Plate 26, Figures 1,-2. 


Description:—Shell medium, strongly 
inequilateral, pteri-form and longer 
than high; left valve moderately con- 
vex; hinge margin long and straight; 
umbo anterior; anterior auricle triangu 
lar and fairly large but much smaller 
than posterior; anterior margin nearly 
straight, exclusive of sinus; sinus_ be- 
low posterior auricle deep; shell body 
fairly inflated and its apical angle 
about 40°; shell-obliquity 40°-45°; 
surface with 6 radial ribs and fairly 
coarse concentric lines of growth; 2-3 
ridges on posterior auricle parallel but 
turn upwards at their extremities. 

Observation and Comparison:—Two 
broken left valves at hand lack lower 
and posterior parts. The shell-obliqui- 
ty is a little different between them, 
but both agree in posteriorly produced 
outline. 

Pteroperna costatula Euprs-Destonc- 
(Morris and Lycerr, 1853: 

1895), especially its young 
form, resembles this species but its 
adult form lacks radial ribs and the 
shell-obliquity attains about 65°. Its 
young form with 6-8 radials is smaller 
than this species. Pteroperna modiolaris 
(Minster) (Cox, 1938) from the Jurassic 


CHAMPS 
NewrTon, 


of Southern Arabia has 7 radials but in 
the shell-obliquity and general form it 
is different from this. Pteroperna blake 
Cox (1940) from Cutch is very, close to 
this in outline but lacks radial orna- 
ments. 

Occurrence:—7th zone at Loc. 15. 


Pteroperna lingulata Tamura, 


new species 
Pilate 26, Figures 16-18. 


Description:—Shell small, pteriform 
and trigonal, a little longer than high, 
nearly equivalve but different in con- 
vexity, right valve less convex than 
left; umbo at about anterior 1/3 of 
hinge or a little anterior, not projected; 
hinge-line long and straight; auricles 
depressed and separated from shell body 
but not much produced’ distally; pos- 
terior margin a little concave below 
posterior auricle but its lower part 
rounded and passing into round ventral 
margin; anterior margin sinuate below 
umbo and extended into ventral; shell- 
obliquity 45°-50° ; shell body linguiform, 
wide and expanded backward; apical 
angle 60°-65°; several wrinkles distinct 
in umbonal part; growth-lines fine. 


Measurement iS H 


Right valve (MM 3248) | 15mm) 12mm 
Left (MM 3249) | 10 8 
Left (MM 3250) | 16 | 14 


Observation and Comparison :—The con- 
vexity is fairly different between two 
valves. The hinge is usually long and 
the posterior auricle ill-defined. It 
resembles Pteroperna polyodon (Buvic- 
NIER) fromthe Corallian of England 
(ArKeLt, 1931) but its umbo lies more 
posteriorly. The umbonal wrinkles are 
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absent in that species. This is closely 
allied to Pteroperna sp. from the Saka- 
moto Jurassic (Tamura, 1959a), alth- 
ough the latter is different from the 
former in low and elongate form. 


Occurrence:—7th zone at Loc. 15. 


Pteroperna sp. 
Plate 26, Figure 15. 


Shell large (80mm in length), very 
inequilateral, probably longer than 
high; right valve depressed; test fair- 
ly thick; umbo situated anteriorly; 
hinge-line long and straight; anterior 
auricle long, straight and a little sul- 
cated below ; posterior auricle unknown; 
3 ridges parallel to hinge margin on 
posterior auricle; surface smooth. 

Represented by an incomplete right 
valve. The parallel ridges on surface 
show its belonging to Pteroperna. Its 
characteristic lies in the anteriorly 
elongated large wing. 

Occurrence:—7th zone at Loc. 3. 


Pteroperna? sp. 


Plate 26, Figure 22. 


Shell large (about 80mm long, 53mm 
high), very inequilateral, pteriform and 
longer than high; left valve fairly in- 
flated; umbo located much posteriorly, 
a little acuminate; dorsal margin near- 
ly straight; anterior auricle large and 
elongated; posterior probably short; 
anterior and ventral margins rounded 
exclusive of a small sulcus; posterior 
margin rounded, deeply sulcated below 
hinge and running into round ventral 
margin; tumidity highest near antero- 
ventral margin; shell-obliquity about 
45°; hinge unknown; surface probably 
smooth. 

Represented by a left valve without 


auricles. Its characteristics are the 
large and elongate shell body and tumid 
left valve. 

Occurrence:—‘Tth zone at Loc. 8. 


Family Halobiidae 

Genus Aulacomyella Furvani, 1910 
Aulacomyella ? sp. 
Plate 26, Figure 23. 


Shell small (height, 9mm), subequi- 
lateral, nearly flat, suborbicular, with 
length subequal to height; auricles and 
hinge unknown; several wrinkles pre- 
sent in umbonal region; fine ridged 
radial ribs distinct except for umbonal 
part. 

An incomplete right valve at hand 
lacks an auricle and hinge. The gene- 
ral shape and concentric wrinkles show 
its reference to Aulacomyella. Its radial 
ribs are much less in number than in 
A. farquharsoni Cox (1935) from the 
Somaliland Jurassic, Imiay’s Aulacomyel- 
la sp. (1945) from the Louisiana Jurassic 
and A. neogene Imiay (1940) from the 
Mexican Jurassic. They occur gregare- 
ously, while this is shown by a solitary 
specimen. 

It is noteworthy that the above three 
species in addition to A. problematica 
Fureani (1910) from Dalmatia are all 
middle Kimmeridgian (Imuay, 1940). 

Occurrence:—7th zone at Loc. 15. 


Family Bakevelliidae 


Genus Gervillia DeFRANcE, 1820 


Gervillia tatenosawensis TAmMuRa, 
new species 
Plate 26, Figures 9-14; Text-figure 3. 
Description :—Shell 


small, strongly 
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convex, equivalve, ensiform, about five 
times as long as high; test fairly thick; 
umbo terminal; anterior auricle rudi- 
mental; posterior auricle narrow, dis- 
tinctly defined by a deep furrow; shell 
body obliquely extending back, broaden- 
ed, thick and widest at about anterior 
1/3; dorsal margin a little concave; 
ventral slightly convex; growth-lines 
concentric, numerous; hinge area narrow 
and straight; 3 ligament pits elongate, 
rectangular; a few ridges and furrows 
found below ligament area. 

Observation and Comparison:—This 
species is abundant in marly facies of 
Tatenosawa (Loc. 15) but none is com- 


plete. Three ligament pits are visible 
in a specimen (Text-figure 3). Long 
ridge-like teeth (probably 2 ridges and 
1 furrow in left and 1 ridge and two: 
furrows in right valve) are also ascer- 
tained in several other specimens. The 
test is generally thick. Gaping on the 
anterior ventral margin is unknown.. 
The ear forms about 150° at the pos- 
terior end. It bears fine striae nearly 
parallel to the posterior margin. 

This is distinct from G. solenoides 
(HotzapFeL, 1888, p. 223, pl. 24, figs. 11 
and 12) in flattened antero-ventral. 
margin and narrow posterior auricle.- 
It resembles G. forbesiana v’OrBIGNY 


Explanation of Plate 26 


Pteroperna pauciradiata TAMURA, new species 
abies HE 
Somapteria koikensis TAMURA, new species 
LiKe 
Figs. 4-6. 
D200 MOLOOMOLA NE 
Fig. 7. Right valve (holotype) ; 
Fig. 8. Interior of a left valve; 
Gervillia tatenosawensis TAMURA, new species 
Figs. 9-14. 
3258, 3259, 3260). 
Pteroperna sp. 
Fig. 15. Broken right valve; 
Pteroperna lingulata TAMURA, new species 
Fig. 16. Right valve (holotype) ; 
ENG a lu/melto mee ttmvall yest 
Pteria masatanit TAMURA, new species 
Figs. 19, 20. 
(MM 3236). 
“ Pteria”’ sp. 


Fig. 21. Internal mould of a right valve (with shell fragments) ; 


Sloper 
Pteroperna? sp. 
Higw22: 
Aulacomyella? sp. 
Fig. 23. Right valve; 


Interier of the holotype left valve and its internal mould; 


Internal mould of a left valve; 


Left valves (Fig. 1: holotype); x1. Loc. 15. (MM 3246, 3247). 


Hinge structure of a right valve; x1.5. Loc. 14. (MM 3244). 
Internal moulds of left valves (with shell fragments) ; 


<a Loew OVINE 


x1. Loc. 14. (MM 3242). 
x1 Loc. 14. (MM 3240). 


Broken left valves (Fig. 9: holotype); x1.5. Loc. 15. (MM 3255, 3256, 3257, 


x1. Loc. 3. (MM 3251). 


«1.5. Loc. 15. (MM 3248). 
x1.5. Loc. 15. (MM 3250, 3249). 


Pe woewelbs 


x1. Loc. 14. (MM 


x1. Loc. 15. (MM 3252). 


x1. Loc. 15. (MM 3253). 


All specimens here illustrated are kept in the Geological Institute, University of 


Tokyo. 


_ TAMURA: Upper Jurassic Pteriacea from the Soma Group Plate 26 
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‘from the Gault of Folkstone and the 
‘Lower Greensand of Atherfield (Woops, 
(1905), but its ligament pits are different 
from those in shape and number. Com- 
pared to it the shell body is broader 
-and more inflated in ventral margin 
below auricle in G. forbesiana from the 
‘Sanchu-Graben (Yase, Nacao and Surmt- 
zu, 1926). Gervillella ? sp. from the Saka- 
moto Jurassic (Tamura, 1959a) is allied 
‘to it in general shape but G.? sp. has 
“a depressed anterior auricle and wide 
‘shell. 
Occurrence :—7th zone at Loc. 15. 
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PRESIDENTIAL ADDRESS 


STUDIES ON TRILOBITES IN LAST THREE DECADES* 


TEJICHI KOBAYASHI 


Among fossils ancient extinct organ- 
isms bear particular importance for 
palaeontologists because such fossils 
are monopclistic objects of their study. 
Trilobites are typical of this category. 
Sutrakr’s find of Ordovician trilobites 
near Mt. Taipaik (AA) in Korea 
drove me in 1926 to this mountainous 
region for fossil hunting. In those 
days the Trilobita belonged to the 
Crustacea and comprised 20 families or 
so, but now there are about 150 families 
which constitute an independent class 
of the Arthropoda. It is indeed a 
great advancement. Because I was for- 
tunately able to participate in this 
progress, I wish to outline the results 
of this epoch in morphology, taxonomy 
and descriptive work. 

It was in summer, 1932, that Dr. 
St¢rmer and I were invited by Prof. 
Raymonp to his home. It was a memo- 
rable evening for me, because it was 
about the Wendepunkt in Trilobitology. 
Needless to say, the late Prof. Raymonp 
was the well known successor of Prof. 
Beecuer in this science, who had 
thoroughly proven the crustacean 
nature of trilobites in 1920 and deve- 
loped Beecner’s tripartation of the 
Trilobita. Therefore I visited him at 
Harvard to discuss the trilobite clas- 
sification. 

At that time Dr. Sr¢rmer was engaged 


* Received Jan. 19, 1960; read at the 
annual meeting of the Society at Sendai, 
Jan. 16, 1960. 
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in trilobite morphology. In a _ pre- 
liminary report (1933) he pointed out 
the analogy and homology of the 
trilobitan appendages with those of 
the crustaceans and arachnoids re- 
spectively, emphasizing that the trilo- 
bite has only one segment of the pro- 
podite and the characteristic gill-blades 
on the expodite which are quite 
different from crustacean setae. It 
took much more time to reconstruct 
the appendages of Trentonian Ceraurus 
pleurexanthemus out of serial sections 
of its rolled specimens. His Studies on 
Trilobite Morphology, Parts 1 to 3 were 
successively published in 1939, 42, and 
51 through which it was determined 
that trilobites have the appendages of 
same pattern as those of the Trilo- 
bitoidea and they are closely related 
to the Chelicerata. As a result the 
taxonomic position of the Trilobita 
was promoted as below. 


Phylum Arthropoda 
Subphylum Trilobitomorpha ST¢RMER, 
1944 
Class Trilobitoidea StéRMER, 1959 
Class Trilobita WaLcu 
Subphylum Chelicerata: 
Subphylum: Pycnogonida 


It is interesting to note that the 
crest of Palaeontologia Sinica is a tail 
of a trilobite called Drepanura which 
has long been known among the Chinese 
by the name of bat-stone (Cuane, 1921). 
About 250 years ago Lywyp (1698) 
described Trinuclei. The first Linnean 
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species was Entomolithus paradoxus, 
1745, but it was a composite species, 7 
form of which was Agnostus pisiformis 
(Linné), 1757. The term, Trilobites, was 
proposed by Watrcu in 1771 and 5 
genera were distinguished by Broneni- 
ArT in 1822. Subsequently trilobites 
had been classified by Datman, Emmricn, 
Mitne-Epwarps, 
and Corba, BARRANDE, SALTER and 
others in various manners before 
Beecuer proposed his Natural Classifica- 
tion of Trilobita in 1897. The last one 
was different from the preceding ones 
in that it was founded on recapitula- 
tion theory. 

From ontogenetical point of view 
Beecuer laid special stress on eyes and 
facial sutures. His classification re- 
ceived wide acceptance, although its 
validity was questioned by Pompecky 
immediately, a year after the proposal. 
Reep also noted that part of blindness 
is the result of aphotic adaptation, 
although he agreed that many blind 
trilobites are primitive. Later the 
Hypoparia were ignored by SwinNERTON 
(1915). While Poutsen reported the 
proparian suture in the early larval 
stage of Peltura scaraboeoides (1923), 
Ricuter (1932) considered the Proparia 
to be more primitive than the Opistho- 
paria. 

In 1935 I pointed out the polyphyletism 
of the Proparia as well as the Hypoparia 
by the fact that Cambrian proparians 
or hypoparians reveal little relationship 
not only among themselves, but also to 
later proparians or hypoparians. There- 
fore I had to conclude that Brecuer’s 
three orders are not natural groups. 

Although the facial suture is one of 
the most important criteria, the natural 
classification must be founded on com- 
bination of evolutional characters. Each 
biocharacter developed in one or more 


BuRMEISTER, HAwLe 


trends, two of which happened to be 
even opposed. A _ trilobite group 
developed along the trend of a charac- 
ter slowly, but the development was 
quicker in another group. Thus the 
evolution of trilobites is complicated. 
For the natural classification not only 
morphological and ontogenetical evi- 
dences, but also specio-temporal distri- 
bution must be brought into consider- 
ation because the parallelism of the 
trilobite evolution among palaeogeogra- 
phic provinces cannot be overlooked. 

Furthermore it was concluded that 
at least four groups of trilobites had 
already appeared in the early Cambrian 
period. Therefore their Pre-Cambrian 
divergence is pre-palaeontological. The 
four palaeontological stocks were the 
Agnostida, Redlichida (or Mesonacida), 
Corynexochida and Ptychoparida which 
formed the four primary orders in my 
classification in 1935. The secondary 
orders are later groups which appeared 
so sporadically that their origin is 
obscure. 

Subsequently in 1936 the invalidity 
of the Proparia was vindicated by the 
discovery of a proparian off-shoot of 
the Olenidae in the Lower Ordovician 
of Argentina. In the same year Srus- 
BLEFIELD discussed cephalic sutures in 
great detail and concluded that the 
proparian condition might be regarded 
as arrested development. WuitEenouse 
(1936, 39) on the other hand recongniz- 
ed 7 Cambrian stocks of trilobites. In 
applying JarKev’s terms (1909), he com- 
bined his Agnostida and Eodiscida into 
the Miomera and the remaining five 
into the Polymera. Then, Resser (1938) 
segregated his Agnostida out of the 
Trilobita inclusive of eodiscids. On 
the contrary, I monographed the 
agnostids (1939) and eodiscids (1944) 
with the result it was concluded that 
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the two constitute my Agnostida which 
represent the most specialized distinc- 
tive order of the Trilobita. 

After the rejection of the tripartation, 
SrérM_erR (1948) applied Beecnuer’s orders 
to his classification, beside Protoparia 
which was a homonym of SwinNERTON’S 
(1915). He took the olenellid anapro- 
taspid for the incipient form, but re- 
cently Wuirrincton (1957) pointed out 
that the smallest olenellid larvae so far 
known are meraspid cephala, instead 
of protaspids. Brrcuer’s orders were 
accepted still later in some text-books 
(Moore, Larticker and. Fiscuer, 1952; 
Surock and Twenuoret, 1953). Natural- 
ly closer studies were made on cephalic 
sutures by many students. Raserri 
(1952) distinguished 7 types of sutures 
among early Cambrian trilobites to 
which two later Cambrian types were 
added. More types are known at pre- 
sent, but at the same time it has been 
ascertained that the same suture type 
occurs in the three polymeric orders. 

About. 30 years ago the classification 
of Cambrian trilobites was so ambigu- 
ous that even specialists arranged them 
in the alphabetical order by generic 
names. Especially, little was known of 
intergeneric relationship among those 


Treatise, 1959. 


ON OStdaMCOBAWASHIan sen ee sane oo oon 


Redlichida RICHTER 
Corynexochida KOBAYASHI ....... 


Ptychopariida SWINNERTON ......<......-...s0, 


Ptychopariina RICHTER 
ASO. GENIE 454 4h caso saonae 5 


Illaenina JAANUSSON 
Harpina WHITTINGTON 
Trinucleina SWINNERTON...... 
Phacopida SALTER 


Cheirurina HARRINGTON and LEANZA 


of Asia or the Pacific province. This 
was the reason why I made a special 
study on Cambrian genera and families. 
Though very tentative, in 1935 I clas- 
sified the Cambrian trilobites into 34 
families which were grouped into the 
above 4 primary orders in addition to 
the Dikelocephalida. 

Lately the interfamily relationship 
was examined by HennincsMoeEN (1951) 
with special reference to the outline 
of the glabella and its furrows, althou- 
gh the relation of the glabella to the 
major cephalic configuration, I think, 
would be no less an important criter- 
ion. He obtained 12 superfamilies, two- 
thirds of which were derivatives from 
the Conocoryphacea. Then, Hurpé (1953, 
55) combined the Eodiscoidae and 
Agnostoidea into the Miomera and the 
other 24 superfamilies into the Poly- 
mera. In the latest classification elab- 
orated by Harrincton et al. (1959) the 
comprehensive Polymera or Conocory- 
phacean derivatives are divided into 
several orders and suborders. In seeing 
this scheme in Tyeatise on Invertebrate 
Paleontology | was rather astonished to 
find that the result agrees with mine 
so well in the fundamental frame as 
seen below. 


Author, 1935. 
..Agnostida 


+ Ree Mesonacida. (or Redlichida) 


. Corynexochida 

..Ptychoparida 
. (Ptychoparida) 

..Dikelocephalida (from Ptychoparida, 
1936) 


. Sete Proetacea (from Ptychoparida) 
Sout eee Harpacea (ditto.) 


..Trinuclacea (ditto.) 


EOE (Phacopacea) 
SB ee a Phacopacea (unknown origin) 


Cheiruridae (ditto.) 
‘|Encrinuridae (ditto.) 
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Calymenina SWINNERTON 
Lichida Moore 


It is obvious that palaeontology de- 
pends on palaeontography which de- 
pends in turn on _ fossils.  Silicified 
material is a favourite of palaeonto- 
logists as it can yield by observations 
a great deal of unexpected data espe- 
cially on the ventral morphology and 
ontogeny. During my stay at the U.S. 
National Museum I saw some beautiful 
brachiopods extracted by Dr. Cooper. 
In 1935 he sent me a photograph of 
Silicified trinucleid which he had found 
in Virginia. Next year free trilobites 
from the Upper Ordovician of Percé, 
Quebec were illustrated in a paper by 
Cooper and Kinpte. This line of in- 
vestigation was greatly improved in 
the United States. One cannot but 
admire a free carapace with a hypo- 
stoma, especially of a larval form. 

Although I do not intend to go into 
details of descriptive works at this 
time, they were developed in various 
trends in these 30 years. Namely, many 
ancient type specimens in Norway, Bohe- 
mia and other countries were precisely 
restudied; the Olenidae, Odontopleuri- 
dae and other selected families thorou- 
ghly revised; large faunas in Britain, 
Sweden, Esthonia, Rheinland, South 
France and other classical areas mono- 
graphed; and innumerable new txilobi- 
tes described from Palaeozoic areas 
which had previously been littel or not 
well investigated. 

Much we owe to Poutsen and Troeps- 
son for the knowledge of the rich 
Arctic faunas. Some 30 species of 
trilobites had been known from the 
Andine province before 1935 when I 
described the Kainel/a faunule of Prairie 


Zacanthoidae ?) 


S ccommstpen Odontopleuridae (ditto.) 


Catamarca, but according to Harrincron 
and Leanza (1957) the Ordovician of 
Argentina comprises at present more 
than 130 species. Likewise, only about 
35 species were known from the Cam- 
brian of Siberia before the Atlas of the 
leading forms of fossil faunas in USSR, 
Vol. 1, Cambrian (1940) in which Lermon- 
tova took part. Since 1950, however, new 
genera proposed for Cambrian trilobites 
from Siberia and Central Asia have 
numbered some 70 in total. It is 
predicted that described trilobites from 
Australasia are only a small part of 
those which really existed (Opi et al. 
19579): 

A monumental work was published 
by Wa corr as early as in 1913 for the 
Cambrian faunas of China. ‘Trilobites 
of Eastern Asia were further amplified 
by Mansuy, Reep, Yase, Sun, Sairo, 
Suenc, Wanc, Enpo, Resser and others 
and recently by Hst, Lu, Cuane, Cuien, 
Cuu, Hsitanc, Yr and others. In Japan 
trilobites are uncommon but Coronoce- 
phalus and a few others were described 
by Hamapa, Ico, Oxuso and others. It 
is a remarkable fact that the Asio- 
Pacific faunas contain quite distinct 
genera and families, the Eoasidaspidae 
by Porerayeva for example. 

Here the trilobitology is reviewed in 
connection with geology. Benson’s 
discovery of Cambrian trilobites in New 
Zealand (1956) is crucially important 
for the reason that Ordovician has been 
the oldest dated rock among the Pacific 
islands. Similarly, Buravas’ find of 
trilobites at Tarutau, Southwest Thai- 
land is invaluable in that the isle is 
the southernmost Cambrian locality of 
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Eurasia and at the same time these are 
the oldest fossils in the Burmese- 
Malayan geosyncline (1957). 

A copious Lower Cambrian fauna 
was described from the Anti-Atlas by 
Hupé (1952). It is interesting to see in 
the type section of Amouslek that 
Neoredlichia occurs in the midst of the 
olenelloid zones. In Australia on the 
contray Redlichia is said to be earliest 
Middle Cambrian except in South 
Australia where it occurs in the Lower 
Cambrian (Oprx et al. 1957). Prior to 
this, Sairo (1933) suggested that the 
Redlichia stage in North Korea is lowest 
Middle Cambrian since it is underlain 
by the Protolenus bed with disconformi- 
ty. Sairo’s species was, however, later 
eliminated from Protolenus, s. str. In 
South China on the other hand it was 
clarified that various protolenoids evolv- 
ed parallel to redlichids. 

It is certain that the redlichids 
migrated from Eastern Asia to North 
Africa in the Olenellian epoch through 
the Himalayan trough. Probably Atlan- 
tic Bailiella took the same path, becau- 
se it is reported from South France, 
Kashmir, Tonkin-Yunnan border, Korea, 
North China and Central Siberia. It is 
more certain that the Dorypygidae 
entered into Northern Europe from 
Eastern Asia through Central Asia 
(Ivsuin, 1953), because the family is 
well represented in Kazakstan . and 
West Siberia. It is understandable 
that Centropleura could migrate from 
the Atlantic province to New Siberia 
and Central Siberia, but how Centro- 
pleura reached Australia from Asia 
remains a puzzle. 

As discussed elsewhere (1949), it is 
remarkable that the occurrence of 
Glyptagnostus reticulatus in four con- 
tinents indicates the oldest world in- 
stant in the geological age. Because 


Olenus, Hedinaspis and Glyptagnostus Oc- 
cur in Korea all in dark carbonaceous 
limestones along the axis of the Yoku- 
sen geosyncline, I suggested that their 
wide Eurasiatic dispersal was made 
possible with the aid of oceanic cur- 
rents comparable to the Sargass sea of 
today (1943-44). It was emphasized 
further that the axial zone of the 
Appalachian geosyncline was the route 
of migration from the Atlantic to the 
Cordilleran or the Andean province 
(1957). Wirson (1957) noted .also the 
cosmopolitan Olenidae in dark argil- 
laceous geosynclinal sediments and 
jointly with Lockman, he (1958) eluci- 
dated the evolution and distribution of 
the Cambrian trilobites in North 
America, in classifying their habitats 
into the cratonic, intermediate and ex- 
tracratonic realms. 

Incidentally, it is noteworthy that 
Asaphopsis, Taihungshania, Synhomalono- 
tus  Coronocephalus, Crotalocephalus, 
Thysanopeltella, Dechenella and some 
other genera provide undeniable eviden- 
ce for sea connection from Eastern 
Asia to Europe or Australasia in the 
Ordovician, Gotlandian or Devonian 
period. 

Now I recollect Raymonn’s address 
on Pre-Cambrian Life (1935) in which he 
spoke of the diversity of naked pelagic 
animals in the late Pre-Cambrian period 
and their armouring at the transition 
to the Cambrian due to their benthonic 
adaptation on shallow bottom and the 
superiority in struggle for existence 
which took place by over-population. 
This interpretation applies to trilobites 
as. well as other animals. Fossil re- 
cords in the transitional epoch are still 
meager, but medusae and annelids were 
lately discovered in South Australia 
far below the archaeocyathid limestone 
(GLassner, 1959). In my opinion the 
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Proterozoic glaciations causing changes 
of hydrosphere not only in areal exten- 
sion but also in variation of environ- 
ments, most probably favoured this 
important step in the development of 
aquatic life. It is also rem2mbered 
that the Neo-Cryptozoic: eon is com- 
parable with the whole Phanerozoic eon 
in time length (1944-45). 

At all events four primary stocks of 
trilobites appeared in the early Cam- 
brian epoch among which the shortest 
survivors were the Redlichida, probably 
followed by the Corynexochida and 
then by the Agnostida. It is, however, 
an important problem, whether the 
Corynexochida really disappeared be- 
fore the Ordovician period, because the 
order flourished most in the insufficient- 
ly explored Asio-Pacific province and 
because the phylogenetic position of 
the Damesellidae, Leiostegiidae and 
Komaspiidae remains unsolved. The 
origin of cheirurids, phacopids, odonto- 
pleurids and lichids is still unknown. 
In view of the resemblance of the Eo- 
acidaspidae to the Corynexochida, how- 
ever, I think future researches in the 
Asio-Pacific province may throw light 
on the derivation of certain secondary 
stocks from the primary. 

The rise and fall of trilobite families 
took place on the largest scale during 
the late Cambrian and early Ordovician 
epochs. All of the Cambrian families 
died out by the end of the Ordovician 
period, while some forerunners of the 
post-Cambrian families appeared already 
in the latter part of the Cambrian 
period. The evobution of trilobites is 
so highly complicated that it can hard- 
ly be unified by any theory. However, 
the rule of effacement, that is, that 
effacement advances from the distal to 
the proximal part of a shield (1939), 
applies not only to the Miomera, but 


also to the Polymera. Rules on hyper- 
trophy of the axial lobe and caudaliza- 
tion of post-cephalic segments also 
meet with few exception. In the future, 
combination of such rules will make it 
possible to decipher the tangled history 
of evolution. 

I shall close my speech with a few 
words of reference to some new com- 
pilations. Graspau and Suimer’s Index 
Fossils of North America was completely 
revised and reillustrated by Suimer and 
SHrock (1944). Publications of this 
kind were compiled for the Cambrian 
of U.S.S.R. by Vorocprn (1940), for the 
Palaeozoic of Western Siberia by 
Kuacrin (1955) and for Fossil Inverte- 
brates of China by Academia Sinica 
(1957). These two Soviet publications 
contain many new genera and species 
by Lermontrova and others. StédrMeER 
(1949) and Hupé: (1953) presented a 
chapter on Trilobita respectively in 
Grasské’s Traité de Zoologie Tom. 6 (1949) 
and Pivereau’s Traité de Paléontologie 
Tom. 3 (1953). Hupé’s Classification des 
Trilobites (1953, 55) and Harrineron and 
others’ Trilobita in Moore’s Treatise 
(1959) give the most comprehensive in- 
formation on the class but for Asiatic 
genera it is hoped more supplementary 
information will be gathered to com- 
plete our knowledge. 
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